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PROBLEM TO BE SOLVED: To provide a vibrator that can mechanically be 
supported with a simple structure and downsized without the restriction of a 
vibration mode in use and the need for a vibration attenuation section. 
SOLUTION: The composite material vibrator is provided with a piezoelectric 
element 2 made of a material having a 1st acoustic impedance Z1 and acting like 
a vibration member, 1st and 2nd reflection layers 3, 4 that are made of a material 
with an acoustic impedance Z2 lower than the 1st acoustic impedance Z1 and 
connected to end faces 2a, 2b whose area is S1 of the piezoelectric element 2 at 
a contact area ratio of S2, and 1st and 2nd support members 5, 6 that are 
connected to the outside of the reflection layers 3, 4 and made of a material 
having an acoustic impedance Z3 greater than the 2nd acoustic impedance Z2, 
the area ratio S2/S1 is selected to be 1 or below and the vibration propagated 
from the piezoelectric element 2 is reflected in a boundary between the reflection 
layers 3, 4 and the support members 5, 6. 
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[Claim(s)] 

[Claim 1] The oscillating member which is composite-material rocking equipment 
with which two or more ingredient parts from which an acoustic impedance differs 
are combined, consists of an ingredient which has the 1st acoustic-impedance 
value Z1, and serves as an oscillating generation source, The 1st and 2nd 
reflecting layer which consisted of an ingredient which has the 2nd acoustic- 
impedance value Z2 lower than the 1st acoustic-impedance value Z1 , and was 
connected with the both sides of said oscillating member, It consists of an 
ingredient which has the 3rd bigger acoustic-impedance value Z3 than said 2nd 
acoustic-impedance value Z2. It has the attachment component connected with 
the side with which the oscillating member of said 1st and 2nd reflecting layer is 



connected in the opposite side. When area of the field where the area of the field 
where the reflecting layer of said oscillating member is connected is connected 
with S1 and said oscillating member of said reflecting layer is set to S2, S2/S1 is 
one or less. Composite-material rocking equipment characterized by being 
constituted so that vibration spread from said oscillating member to the reflecting 
layer in the interface of said reflecting layer and said attachment component may 
be reflected. 

[Claim 2] The oscillating member which is composite-material rocking equipment 
with which two or more ingredient parts from which an acoustic impedance differs 
are combined, and consists of an ingredient which has the 1st acoustic- 
impedance value Z1, and serves as an oscillating generation source, The 
reflecting layer which consisted of an ingredient which has the 2nd impedance 
value Z2 lower than the 1 st acoustic-impedance value Z1 , and was connected 
with said oscillating member, It consists of an ingredient which has the 3rd bigger 
acoustic-impedance value Z3 than said 2nd acoustic-impedance value Z2. It has 
the attachment component connected with the side with which the oscillating 
member of said reflecting layer is connected in the opposite side. When area of 
the field where the area of the field where the reflecting layer of said oscillating 
member is connected is connected with S1 and said oscillating member of said 
reflecting layer is set to S2, S2/S1 is one or less. Composite-material rocking 
equipment characterized by being constituted so that vibration spread from said 
oscillating member to the reflecting layer in the interface of said reflecting layer 
and said attachment component may be reflected. 

[Claim 3] Composite-material rocking equipment according to claim 1 or 2 whose 
ratios Z2/Z1 to the 1st acoustic-impedance value Z1 of said 2nd acoustic- 
impedance value Z2 are 0.2 or less. 

[Claim 4] Composite-material rocking equipment according to claim 1 to 3 whose 
ratios Z2/Z3 to the 3rd acoustic impedance Z3 of said 2nd acoustic-impedance 
value Z2 are 0.2 or less. 

[Claim 5] Composite-material rocking equipment according to claim 1 to 4 said 



whose oscillating member is an electric machine joint sensing element. 
[Claim 6] Composite-material rocking equipment according to claim 5 said whose 
electric machine joint sensing element is a piezoelectric device or an 
electrostriction component. 

[Claim 7] Composite-material rocking equipment given in either [ claim 1 and ] 3- 
5 either [ by which the 3rd reflecting layer, the 2nd oscillating member, the 4th 
reflecting layer, and the 3rd attachment component are connected with the side 
with which said 1st and 2nd reflecting layer of said the 1st and/or 2nd attachment 
component is connected in this sequence in the opposite side ]. 
[Claim 8] The 1st and the 2nd oscillating member which are composite-material 
rocking equipment with which it comes to combine two or more ingredient parts 
from which an acoustic impedance differs, and consist of an ingredient which has 
the 1st acoustic-impedance value Z1, and serve as an oscillating generation 
source, The reflecting layer which consists of an ingredient which has the 2nd 
acoustic-impedance value Z2 lower than the 1st acoustic-impedance value Z1, It 
has the attachment component which consists of an ingredient which has the 3rd 
bigger acoustic impedance Z3 than the 2nd acoustic impedance Z2. The 1st 
attachment component, the 1st reflecting layer, the 1st oscillating member, the 
2nd reflecting layer, the 2nd oscillating member, When area of the field where the 
area of the field where the 3rd reflecting layer and 2nd attachment component 
are connected in this sequence, and the reflecting layer of said oscillating 
member is connected is connected with S1 and said oscillating member of said 
reflecting layer is set to S2, S2/S1 is one or less. Composite-material rocking 
equipment with which each vibration generated in the 1st and 2nd oscillating 
member is reflected in a list by the interface with the 2nd oscillating member of 
said 2nd reflecting layer, or the 1st oscillating member according to the interface 
of the 1st or 3rd reflecting layer and the 1st or 2nd attachment component. 
[Claim 9] Composite-material rocking equipment according to claim 1 to 8 
constituted when said reflecting layer carries out the laminating of two or more 
ingredient layers from which an acoustic impedance differs. 



[Claim 10] Composite-material rocking equipment according to claim 1 to 9 
characterized by the distance from the interface of a reflecting layer and an 
oscillating member to the interface of a reflecting layer and an attachment 
component being sometimes in the range of n-lambda / 4**lambda / 8 (n being 
odd number) the bottom which set wavelength of vibration when said oscillating 
member vibrates independently to lambda. 

[Claim 11] When the direction [ in / for the direction / in / for the direction of 
vibration displacement of said oscillating member /A and an oscillating member/ 
of the propagation of vibration / B and said reflecting layer] of the propagation of 
vibration is set to C, direction A-C is parallel composite-material rocking 
equipment according to claim 6 mutually. 

[Claim 12] Composite-material rocking equipment according to claim 6 which has 
the relation with which Direction A and Direction B are parallel and a relation and 
Direction B and the direction C cross at right angles when the direction [ in / for 
the direction / in / for the direction of vibration displacement of said oscillating 
member / A and an oscillating member / of the propagation of vibration / B and a 
reflecting layer ] of the propagation of vibration is set to C. 
[Claim 13] Composite-material rocking equipment according to claim 6 which 
Direction A and Direction B lie at right angles, and has Direction B and Direction 
C in parallel when the direction [ in / for the direction / in / for the direction of 
vibration displacement of said oscillating member / A and said oscillating member 
/ of the propagation of vibration / B and said reflecting layer ] of the propagation 
of vibration is set to C. 

[Claim 14] Composite-material rocking equipment according to claim 6 which has 
the relation to which Direction A and Direction B lie at right angles to, and 
Direction B and Direction C lie at right angles when the direction [ in / for the 
direction / in / for the direction of vibration displacement of said oscillating 
member / A and said oscillating member / of the propagation of vibration / B and 
said reflecting layer] of the propagation of vibration is set to C. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to composite-material rocking 
equipment using the piezoelectric device and the electrostriction component as 
an oscillating member, concerning composite-material rocking equipment 
equipped with the structure where various oscillating members can be held 
without affecting vibration of this oscillating member. 
[0002] 

[Description of the Prior Art] Conventionally, piezo-electric oscillating components 
are widely used for the resonator, the filter, etc. For example, in the piezo 
resonator, in order to obtain the target resonance frequency, various oscillation 
modes are used. As these oscillation modes, thickness longitudinal oscillation, 
thickness skid vibration, die-length vibration, width-of-face vibration, flare 
vibration, or crookedness vibration is known. 

[0003] In a piezo resonator, maintenance structure changes with classes of 
oscillation mode. Since the piezo resonator of energy ****** type can be 
constituted when thickness longitudinal oscillation and thickness skid vibration 
are used, in the edge of a piezo resonator, a piezo resonator can be held 



mechanically. An example of the piezo resonator using thickness skid vibration of 
this kind of energy ****** type is shown in drawing 44 . In the piezo resonator 201, 
the resonance electrode 203 is formed in the top face of the strip piezo-electric 
plate 202, and the resonance electrode 204 is formed so that the inferior surface 
of tongue of the piezo-electric plate 202 may be countered with the resonance 
electrode 203. The resonance electrode 203,204 has countered in the center of 
the die-length direction of the piezo-electric plate 202, and this opposite part 
constitutes the piezo-electric oscillating section of energy ****** type. Since it is 
energy ****** type, vibration is mostly confined in the piezo-electric oscillating 
section. Therefore, in the piezo-electric resonance electrode 201, it can hold 
mechanically in an edge, without checking vibration of the piezo-electric 
oscillating section. 

[0004] But although vibrational energy is confined in the piezo-electric oscillating 
section, the periodic-damping section of a comparatively big area must consist of 
piezo-electric resonance electrodes 201 of energy ****** type on the outside of 
the piezo-electric oscillating section. In the strip piezo resonator 201 which 
followed, for example, used thickness skid mode, the die-length dimension could 
not but become large. 

[0005] On the other hand, the piezo-electric resonance section of energy ****** 
type cannot consist of piezo resonators using die-length vibration, width-of-face 
vibration, flare vibration, or crookedness vibration. Therefore, since the 
resonance characteristic is not affected, maintenance structure is constituted by 
contacting this metal terminal to the node of vibration of a piezo resonator using 
the metal terminal which has spring nature. 

[0006] On the other hand, the bulk mold acoustic wave filter 21 1 shown in 
drawing 45 is indicated by J P, 10-270979, A. The filter consists of bulk mold 
acoustic wave filters 21 1 by carrying out the laminating of two or more film on a 
substrate 212. That is, the piezo-electric layer 213 is formed into this laminated 
structure, the laminating of the electrode 214,215 is carried out to the top face 
and inferior surface of tongue of this piezo-electric layer 213, and the piezo 



resonator is constituted, moreover, the thing done to the inferior surface of 
tongue of this piezo resonator for the laminating of the film, such as silicon and 
polish recon, -- the upper layer 216 and a middle lamella -- the sound mirror 219 
of a laminated structure which consists of 217 and a lower layer 218 is 
constituted, here -- a middle lamella - the acoustic impedance of 217 is made 
higher than the acoustic impedance of the upper layer 216 and a lower layer 218. 
It is supposed that the transfer to the substrate 212 of vibration produced by the 
piezo resonator is intercepted by this sound mirror 219. 
[0007] On the other hand, the laminating of the sound mirror 220 constituted 
similarly is carried out above the piezo resonator, and the passivation film 221 is 
formed on this sound mirror 220. The PASSHI **-SHON film 221 consists of 
epoxy, Si02, or other suitable protection nature ingredients. 
[0008] 

[Problem(s) to be Solved by the Invention] In the piezo resonator of the 
conventional energy ****** type, since it was necessary to constitute the periodic- 
damping section on the outside of the piezo-electric oscillating section, although 
it could hold mechanically using adhesives etc., the dimension of a piezo 
resonator 201 could not but become large. 

[0009] On the other hand, in the piezo resonator using the die-length oscillation 
mode or the flare oscillation mode of non-energy ****** type, in the piezo 
resonator of what has the not required periodic-damping section itself, using 
adhesives, solder, etc., immobilization and when it holds, the resonance 
characteristic is spoiled. Therefore, it must support using a spring terminal etc., 
and the supporting structure is complicated and needs many components. 
[0010] The sound mirror 119 which insulates a piezo resonator, this piezo 
resonator, and a substrate acoustically consists of bulk mold acoustic wave filters 
given in JP,10-270979,A by carrying out the laminating of two or more film on a 
substrate 202 as mentioned above. Therefore, a piezo resonator is acoustically 
intercepted by the sound mirror 219 which has a laminated structure to a 
substrate 212, and is supported. 



[001 1] However, with the above-mentioned bulk mold acoustic wave filter 211, 
the laminating of many layers had to be carried out on the substrate 212, the 
layer of the lower sound mirror 219, the laminated structure which constitutes a 
piezo resonator and a piezo-electric filter, and a large number which constitute 
the up sound mirror 220 had to be formed, and the passivation film 221 had to be 
further formed in the topmost part. Therefore, structure was complicated, and 
since it was what is constituted by the laminated structure also about the 
oscillation mode in the piezo resonator to be used, there was constraint. 
[0012] As mentioned above, in order to have supported the sources of vibration, 
such as a piezo resonator, conventionally, without checking the oscillation 
characteristic, there was a problem that there was constraint of the oscillation 
mode, components were enlarged, or structure became complicated. 
[0013] The purpose of this invention cancels the fault of the conventional 
technique mentioned above, and is to offer composite-material rocking 
equipment equipped with the structure which can support various oscillating 
members in the mode, without having most effects on the oscillation 
characteristic of this oscillating member with comparatively easy structure. 
[0014] 

[Means for Solving the Problem] The oscillating member which is composite- 
material rocking equipment with which two or more ingredient parts from which 
an acoustic impedance differs are combined according to the large aspect of 
affairs with this invention, and consists of an ingredient which has the 1st 
acoustic-impedance value Z1 , and serves as an oscillating generation source, 
The 1st and 2nd reflecting layer which consisted of an ingredient which has the 
2nd acoustic-impedance value Z2 lower than the 1st acoustic-impedance value 
Z1, and was connected with the both sides of said oscillating member, It consists 
of an ingredient which has the 3rd bigger acoustic-impedance value Z3 than said 
2nd acoustic-impedance value Z2. It has the attachment component connected 
with the side with which the oscillating member of said 1st and 2nd reflecting 
layer is connected in the opposite side. When area of the field where the area of 



the field where the reflecting layer of said oscillating member is connected is 
connected with S1 and said oscillating member of said reflecting layer is set to 
S2, S2/S1 is one or less. The composite-material rocking equipment constituted 
so that vibration spread from said oscillating member to the reflecting layer in the 
interface of said reflecting layer and said attachment component may be 
reflected is offered. 

[0015] The oscillating member which is composite-material rocking equipment 
with which two or more ingredient parts from which an acoustic impedance differs 
are combined according to another large aspect of affairs of this invention, and 
consists of an ingredient which has the 1st acoustic-impedance value Z1 , and 
serves as an oscillating generation source, The reflecting layer which consisted 
of an ingredient which has the 2nd impedance value Z2 lower than the 1 st 
acoustic-impedance value Z1, and was connected with said oscillating member, 
It consists of an ingredient which has the 3rd bigger acoustic-impedance value 
Z3 than said 2nd acoustic-impedance value Z2. It has the attachment component 
connected with the side with which the oscillating member of said reflecting layer 
is connected in the opposite side. When area of the field where the area of the 
field where the reflecting layer of said oscillating member is connected is 
connected with S1 and said oscillating member of said reflecting layer is set to 
S2, S2/S1 is one or less. The composite-material rocking equipment 
characterized by being constituted so that vibration spread from said oscillating 
member to the reflecting layer in the interface of said reflecting layer and said 
attachment component may be reflected is offered. 

[0016] On the specific aspect of affairs of this invention, the ratios Z2/Z1 to the 
1st acoustic-impedance value Z1 of said 2nd acoustic-impedance value Z2 are 
more preferably made or less into 0.1 0.2 or less. 

[0017] On another specific aspect of affairs of this invention, the ratios Z2/Z3 to 
the 3rd acoustic impedance Z3 of said 2nd acoustic-impedance value Z2 can 
take 0.1 or less more preferably 0.2 or less. 

[0018] On a restrictive aspect of affairs with this invention, an electric machine 



joint sensing element is used as the above-mentioned oscillating member, and a 
piezoelectric device or an electrostriction component is used as this electric 
machine joint sensing element on a more restrictive aspect of affairs. 
[0019] In other specific aspects of affairs of this invention, the 3rd reflecting layer, 
the 2nd oscillating member, the 4th reflecting layer, and the 3rd attachment 
component are connected with the side with which said 1st and 2nd reflecting 
layer of said the 1st and/or 2nd attachment component is connected in this 
sequence in the opposite side. 

[0020] According to still more nearly another large aspect of affairs of this 
invention, it is composite-material rocking equipment with which it comes to 
combine two or more ingredient parts from which an acoustic impedance differs. 
The 1st and the 2nd oscillating member which consist of an ingredient which has 
the 1st acoustic-impedance value Z1, and serve as an oscillating generation 
source, The reflecting layer which consists of an ingredient which has the 2nd 
acoustic-impedance value Z2 lower than the 1st acoustic-impedance value Z1, It 
has the attachment component which consists of an ingredient which has the 3rd 
bigger acoustic impedance Z3 than the 2nd acoustic impedance Z2. The 1st 
attachment component, the 1st reflecting layer, the 1st oscillating member, the 
2nd reflecting layer, the 2nd oscillating member, When area of the field where the 
area of the field where the 3rd reflecting layer and 2nd attachment component 
are connected in this sequence, and the reflecting layer of said oscillating 
member is connected is connected with S1 and said oscillating member of said 
reflecting layer is set to S2, S2/S1 is one or less. The composite-material rocking 
equipment with which each vibration generated in the 1st and 2nd oscillating 
member is reflected in a list by the interface with the 2nd oscillating member of 
said 2nd reflecting layer or the 1st oscillating member according to the interface 
of the 1st or 3rd reflecting layer and the 1st or 2nd attachment component is 
offered. 

[0021] Said reflecting layer consists of other specific aspects of affairs of this 
invention by carrying out the laminating of two or more ingredient layers from 



which an acoustic impedance differs. When wavelength of vibration when said 
oscillating member vibrates independently is set to lambda and carried out, the 
distance from the interface of a reflecting layer and an oscillating member to the 
interface of a reflecting layer and an attachment component consists of another 
specific aspects of affairs of this invention, as it is in the range of n-lambda / 
4**lambda / 8 (n is odd number). 

[0022] In the composite-material rocking equipment concerning this invention, 
when the direction [ in / for the direction / in / for the direction of vibration 
displacement of an oscillating member / A and an oscillating member / of the 
propagation of vibration / B and a reflecting layer] of the propagation of vibration 
is set to C, about direction A-C, it can combine variously. For example, direction 
A-C may be mutually parallel. Moreover, Direction A and Direction B are parallel 
and you may have the relation a relation and Direction B and the direction C 
cross at right angles. Furthermore, Direction A and Direction B lie at right angles, 
and Direction B and Direction C may be parallel. Moreover, Direction A and 
Direction B lie at right angles, and Direction B and Direction C may lie at right 
angles. 
[0023] 

[Embodiment of the Invention] Hereafter, by explaining the concrete example of 
this invention explains this invention to a detail more, referring to a drawing. 
[0024] Drawing 1 (a) and (b) are the perspective views and drawings of 
longitudinal section showing the piezo resonator as composite-material rocking 
equipment concerning one example of this invention. A piezo resonator 1 has the 
strip piezoelectric device 2 as an oscillating member, the reflecting layers 3 and 4 
connected with the die-length direction both ends of a piezoelectric device 2, and 
the attachment components 5 and 6 connected with the outside of reflecting 
layers 3 and 4. 

[0025] When a touch area with the field 2, i.e., the piezoelectric device, and 
reflecting layers 3 and 4 by which the area of end-face 2a of the piezoelectric 
device 2 with which the above-mentioned reflecting layers 3 and 4 are connected, 



and 2b is connected with the piezoelectric device 2 of S1 and reflecting layers 3 
and 4 is set to S2, S2/S1 is set to 1 in this example. That is, it considers as the 
configuration where the field connected with the piezoelectric device 2 of the 
cross-section configuration of a piezoelectric device 2 and the reflecting layers 3 
and 4 parallel to this cross section is the same. 

[0026] Furthermore, invention-in-this-application persons changed variously the 
area of the field where the reflecting layer of an oscillating member is connected 
and the area S2 of the part with which the reflecting layer is connected in the field 
where the reflecting layer of this oscillating member is connected, i.e., both touch 
area, and measured the rate of change of resonance frequency. However, in the 
piezo resonator 1 used based on the above-mentioned example of an 
experiment, various area of the part connected with that of end-face 2a of the 
piezoelectric device 2 of reflecting layers 3 and 4 and 2b was changed, various 
piezo resonators were produced, and resonance frequency was measured. A 
result is shown in drawing 15 . 

[0027] When the above-mentioned surface ratio S2/S1 is one or less and S2/S1 
exceeds 1 to a thing with as low resonance frequency rate of change as 0.4% or 
less so that clearly from drawing 15 , it turns out that resonance frequency rate of 
change becomes large sharply. Therefore, by making surface ratio S2/S1 or less 
into one shows that the effect of vibration on the oscillating member of the 
supporting structure can be more effectively reduced by reflecting layers 3 and 4 
and attachment components 5 and 6. 

[0028] A piezoelectric device 2 consists of lead titanate system ceramics, and the 
acoustic impedance Z1 is 3.4x1 07kg/(m2ands). Polarization processing of the 
piezoelectric device 2 is carried out in the direction of arrow-head P, i.e., the die- 
length direction. 

[0029] A piezoelectric device 2 has a strip configuration and a top face, an 
inferior surface of tongue, and the side face of a pair have a rectangular 
configuration. In other words, a piezoelectric device 2 has a square bar-like 
configuration. The excitation electrodes 7 and 8 are formed in end-face 2a of the 



pair which a piezoelectric device 2 counters for each other, and 2b. A 
piezoelectric device 2 vibrates by impressing alternating voltage from the 
excitation electrodes 7 and 8 in the die-length mode which makes end-face 2a 
and 2b the die-length direction. That is, a piezoelectric device 2 is a piezo-electric 
resonant element using die-length mode. In the piezo resonator 1, the terminal 
electrodes 9 and 10 are formed in the top face of a piezo resonator 1 so that it 
may connect with the excitation electrodes 7 and 8 electrically. The terminal 
electrodes 9 and 10 are formed so that it may result in the outside end faces 5a 
and 6a of not only the top face of a piezo resonator 1 but the attachment 
components 5 and 6 which are end faces. Therefore, a surface mount can be 
easily carried out to a printed circuit board etc. using the terminal electrodes 9 
and 10. Reflecting layers 3 and 4 are constituted from this example by the epoxy 
resin whose acoustic impedance is 1.87x106kg/(m2ands). Moreover, attachment 
components 5 and 6 are constituted by the ceramics which consists of ceramics 
whose acoustic impedance is 3.4x1 07kg/(m2ands). 
[0030] Since the propagation of vibration is the die-length direction and is a 
direction parallel to the direction P of polarization, the piezo-electric resonant 
element using die-length mode cannot usually be supported in end-face 2a and 
2b, without affecting vibration. 

[0031] In this example, since it has reflecting layers 3 and 4 and attachment 
components 5 and 6, it is supposed that it is possible to support a piezo 
resonator 1, without affecting the oscillation characteristic of the piezoelectric 
device 2 using die-length mode. This is explained with reference to drawing 2 - 
drawing 5 . In addition, die length shall say the dimension which meets in the die- 
length direction of a piezo resonator 1 to below. 

[0032] Die-length L1=0.98mm of a piezoelectric device 2, resonator frequency 
F1=2MHz, die-length L2=0.25mm of reflecting layers 3 and 4, the die length of 
attachment components 5 and 6 = the displacement condition of the above- 
mentioned piezo resonator 1 was analyzed with the finite element method as 
0.4mm. A result is shown in drawing 2 . 



[0033] In attachment components 5 and 6, a variation rate has hardly arisen so 
that clearly from drawing 2 . Therefore, it turns out using attachment components 
5 and 6 that a piezo resonator 1 can be supported, without affecting the 
resonance characteristic of a piezoelectric device 2. Since the acoustic 
impedance Z2 of reflecting layers 3 and 4 is lower than the acoustic impedance 
Z1 of a piezoelectric device 2 and lower than the acoustic impedance Z3 of 
attachment components 5 and 6, vibration spread from the piezoelectric device 2 
in the interfaces A and B of reflecting layers 3 and 4 and attachment components 
5 and 6 is reflected, and this is considered for vibration to hardly spread to 
attachment components 5 and 6. 

[0034] When invention-in-this-application persons change various ingredients 
which constitute the piezoelectric device 2 in a piezo resonator 1, reflecting 
layers 3 and 4, and attachment components 5 and 6 in view of the result of a 
piezo resonator 1 , and these dimensions and an experiment is repeated, as 
mentioned above If the acoustic impedance Z2 of the 1st and 2nd reflecting layer 
3 and 4 is made smaller than the acoustic impedance Z1 of a piezoelectric 
device 2, and the acoustic impedance Z3 of attachment components 5 and 6 It 
found out that propagation of the vibration from the piezoelectric device 2 to 
attachment components 5 and 6 could be mostly controlled like the above- 
mentioned example. This is explained based on the concrete example of an 
experiment, referring to drawing 4 and drawing 5 . 

[0035] Drawing 4 shows the impedance-frequency characteristics and phase- 
frequency characteristics at the time of constituting a piezo resonator 1 from a 
following specification. In addition, a continuous line shows phase-frequency 
characteristics and a broken line shows impedance-frequency characteristics. 
Moreover, it is shown that NE+On of the axis of ordinate of drawing 4 and 
drawing 5 and an axis of abscissa is Nx10n, for example, 1 E+02 is 1x102. 
[0036] Specification ** piezoelectric device 2 of a piezo resonator 1 - The lead 
titanate system ceramics which is acoustic-impedance Z1 =3.4x1 07kg/(m2ands) 
constitutes. 1= 412mm, die-length dimension L frequency [ resonator / of 



5.4MHz ] ** reflecting layers 3 and 4 - The epoxy resin of acoustic-impedance 
Z2= 1.87x106kg/(m2ands) constitutes. Die-length dimension L2= 0.07mm** 
attachment components 5 and 6 ~ The lead titanate system ceramics of 
acoustic-impedance Z3= 3.4x1 07kg/(m2ands) constitutes, the die-length 
dimension L -- in addition, the crosswise dimension in a piezo resonator 1 was 
set to 250mm 3= 300mm, and thickness was set to 200mm. 
[0037] Moreover, electroconductive glue 12 was used for the substrate 1 1, it 
joined to it, and the above-mentioned piezo resonator 1 was fixed to it, as shown 
in drawing 3 . In addition, junction by electroconductive glue 12 is performed so 
that the space for not barring vibration between the inferior surface of tongue of a 
piezoelectric device 2 and the top face of a substrate 1 1 may be secured by 
immobilization by electroconductive glue 12. 

[0038] Moreover, electroconductive glue 12 has joined the above-mentioned 
terminal electrodes 9 and 10 and the electrodes 13 and 14 on a substrate 11, 
and electroconductive glue 12 has not adhered to a piezoelectric device 2 and 
reflecting layers 3 and 4. 

[0039] The frequency characteristics of the piezo resonator 1 after being 
mounted in the substrate 1 1 are shown in drawing 5 . Also in drawing 5 , a 
broken line shows impedance-frequency characteristics and a continuous line 
shows phase-frequency characteristics. 

[0040] If drawing 4 is compared with drawing 5 , it turns out that the frequency 
characteristics of piezo-resonator 1 the very thing and the frequency 
characteristics of the piezo resonator 1 after being fixed to the substrate 1 1 
hardly change so that clearly. That is, even if it fixes a piezo resonator 1 
mechanically in attachment components 5 and 6, it turns out that the resonance 
characteristic of a piezoelectric device 2 is not spoiled. 
[0041] In the piezo resonator 1 as composite-material rocking equipment 
constituted according to this invention, by forming reflecting layers 3 and 4 in the 
both sides of the piezoelectric device 2 as an oscillating member, and connecting 
attachment components 5 and 6 with the outside of reflecting layers 3 and 4 



shows that a piezo resonator 1 can be supported, without barring vibration of a 
piezoelectric device 2 so that clearly from drawing 1 - drawing 5 . When drawing 
6 R> 6 shows this comprehensively, reflecting layers 22 and 23 are connected so 
that the vibration from the oscillating member 21 may spread on both sides of the 
oscillating member 21 as the source of vibration, and the composite-material 
rocking equipment concerning this invention is equivalent to the structure which 
connected attachment components 24 and 25 with the outside of these reflecting 
layers 22 and 23. In this case, in attachment components 24 and 25, composite- 
material rocking equipment 20 can be mechanically supported like the above- 
mentioned example by making the acoustic impedance Z2 of reflecting layers 22 
and 23 smaller than the acoustic impedance Z1 of the oscillating member 21 , 
and the acoustic impedance Z3 of attachment components 24 and 25 as 
mentioned above, without affecting the oscillation characteristic of the oscillating 
member 21. 

[0042] Namely, although the piezoelectric device 2 was used as an oscillating 
member in the above-mentioned example As long as the above-mentioned 
relation may be filled between the oscillating member 21, reflecting layers 22 and 
23 and the impedance value Z1 of attachment components 24 and 25 - Z3, in 
this invention, like the above-mentioned example Reflecting layers 22 and 23, 
Since vibration spread in an interface with attachment components 24 and 25 
can be reflected, it is not limited especially about the oscillating member 21. That 
is, the member which generates an electrostriction component besides a 
piezoelectric device 2 and other various vibration as an oscillating member 21 
can be used widely. 

[0043] Moreover, it is not limited especially about the ingredient which constitutes 
the ingredient which constitutes reflecting layers 22 and 23, and attachment 
components 24 and 25, either, and the ingredient of arbitration can be used as 
long as the relation of the above-mentioned acoustic-impedance value is filled. 
[0044] In the above-mentioned piezo resonator 1, invention-in-this-application 
persons changed various ingredients which constitute a reflecting layer, and 



measured each rate of change of the resonance frequency of a piezo resonator 1, 
and bandwidth. A result is shown in drawing 7 and drawing 8 . Here, various 
epoxy resins which constitute the ceramics which constitutes a piezoelectric 
device 2, and reflecting layers 3 and 4 were changed, the value Z2/Z1, i.e., ratios, 
by which the acoustic impedance Z2 was standardized was changed variously, 
and resonance frequency rate of change (%) and fractional-bandwidth rate of 
change (%) were measured. 

[0045] it turns out that clear from drawing 7 and drawing 8 the rate of change of 
resonance frequency is very as small as 0.2% or less, and the acoustic- 
impedance ratios Z2/Z1 are [ 0.2 or less / in / preferably / 0.1 or less ] as low as 
0.01% or less at 0.1 or less for obtaining. Similarly, it turns out also about 
fractional-bandwidth rate of change that the acoustic-impedance ratios Z2/Z1 
become or less by 0.2, and become -8% or less or less by 0.1 -15% or less. 
[0046] Therefore, the acoustic-impedance ratios Z2/Z1 are more preferably made 
or less into 0.1 0.2 or less. Moreover, invention-in-this-application persons 
changed the ingredient which constitutes reflecting layers 3 and 4 and 
attachment components 5 and 6, changed variously the acoustic-impedance 
ratios Z2/Z3, and measured the frequency rate of change (%) and fractional- 
bandwidth rate of change (%) of a piezo resonator 1 similarly. A result is shown 
in drawing 9 and drawing 10 . 

[0047] When frequency rate of change carries out and fractional band width 
carries out to further 0.1 or less -7% or less 0.2% or less shows that fractional 
band width can be made into -6% or less 0.05% or less by making the acoustic- 
impedance ratios Z2/Z3 or less into 0.2 so that clearly from drawing 9 and 
drawing 10 . Therefore, the acoustic-impedance ratios Z2/Z3 are more preferably 
made or less into 0.1 0.2 or less. 

[0048] Moreover, the acoustic-impedance ratios Z2/Z1 were changed, and the 
rate of resonance frequency and fractional-bandwidth rate of change of a piezo 
resonator 1 were measured. A result is shown in drawing 1 1 and drawing 12 . In 
drawing 1 1 and drawing 12 , the acoustic impedance Z2 is changing from 1/128 



of an acoustic impedance Z1 in the range of arbitration by blending with an epoxy 
resin, the ceramics, or these the powder which has other acoustic-impedance 
values as an ingredient which constitutes reflecting layers 3 and 4 etc. 
[0049] In addition, the axis of abscissa in drawing 1 1 and drawing 12 serves as 
the die-length direction dimension (dimension which meets in the die-length 
direction of a piezo resonator 1) of reflecting layers 3 and 4. If it is put in another 
way as the die-length direction dimension of reflecting layers 3 and 4, it will be 
the dimension of the direction which connects the reflecting layer side connected 
with the piezoelectric device 2 as an oscillating member, and the reflecting layer 
side connected with the oscillating members 5 and 6, i.e., the dimension of the 
direction where vibration spreads a reflector. 

[0050] The acoustic-impedance ratios Z2/Z1 are still smaller, and even if it 
changes a little from lambda/4 the case of 1/64 or less more preferably, the die- 
length direction dimension, i.e., the thickness, of reflecting layers 3 and 4, it turns 
out that frequency rate of change and fractional-bandwidth rate of change are 
seldom changed 1/32 or less, so that clearly from drawing 1 1 and drawing 12 . 
Therefore, by making Z2/Z1 or less into 1/64 more preferably 1/32 or less shows 
preferably that there is little constraint of the die-length direction dimension of 
reflecting layers 3 and 4. 

[0051] But when the die-length dimensions of reflecting layers 3 and 4 are 
lambda/4 and its near regardless of the value of Z2/Z1 so that clearly from 
drawing 1 1 and drawing 12 , the frequency rate of change and fractional-band- 
width rate of change of a piezo resonator 1 become very small. 
[0052] Moreover, the relation between the thickness of the above-mentioned 
reflecting layers 3 and 4, frequency rate of change, and fractional-bandwidth rate 
of change was investigated covering the larger thickness of reflecting layers 3 
and 4. Each is shown for a result in drawing 13 and 14. Therefore, a reflecting 
layer 3 and 4 die-length dimension are made into the range of n-lambda / 4** 
(lambda/8) (n is odd number), and let them more preferably be lambda/4 and its 
near so that clearly from drawing 1 1 - drawing 14 . 



[0053] That is, the area S1 of the field where the reflecting layers 65 and 66 of a 
piezoelectric device 62 are connected, and area S2 of the part connected with 
the piezoelectric device 62 of reflecting layers 65 and 66 are made equal. In 
other words, S2/S1 is set to 1 . 

[0054] Drawing 16 (a) and (b) are the perspective views and partial notching 
drawings of longitudinal section showing the piezo resonator as composite- 
material rocking equipment of the 2nd example of this invention. A piezo 
resonator 31 has the piezoelectric device 32 of the shape of a strip or a square 
bar. A piezoelectric device 32 is a piezoelectric device using the 6 time wave in 
die-length mode. The piezo resonator 31 of this example is constituted like the 
piezo resonator 1 of the 1st example, if it removes that the electrode structures 
for exciting a piezoelectric device 32 in having used the piezoelectric device 32 
instead of the piezoelectric device 2 and a list differ. 

[0055] The piezoelectric device 32 is constituted from this example by the titanic- 
acid lead zirconate system electrostrictive ceramics of acoustic-impedance value 
[of 2.6x1 07kg ]/(m2ands). 

[0056] In the piezoelectric device 32, in order to excite the 6 time wave in die- 
length mode, the excitation electrodes 32a-32f of six sheets prolonged in the 
direction of the cross section of a piezoelectric device 32 are formed, in other 
words, a five-layer piezo-electric layer exists in excitation electrode 32a-23f ~ as 
- the excitation electrode 32 - it is formed so that a-32f may be mutually located 
in the direction of the cross section of a piezo resonator 32 in parallel. Moreover, 
polarization of the five-layer piezo-electric layer is uniformly carried out in the die- 
length direction. 

[0057] The terminal electrode 37 is formed in the top face of a piezo resonator 31 
so that it may connect with the excitation electrodes 32a, 32c, and 32e 
electrically. The terminal electrode 38 is formed in the inferior surface of tongue 
of a piezo resonator 31 , and it connects with the excitation electrodes 32b, 32d, 
and 32f electrically. 

[0058] In addition, in order to aim at the electric insulation with the excitation 



electrodes 32b, 32d, and 32f and the terminal electrode 37, the insulating 
ingredients 39a-39c are given to excitation electrodes [ 32b 32d, and 32f ] upper 
limit. Similarly, in order to achieve the electric insulation with the excitation 
electrodes 32a, 32c, and 32e and the terminal electrode 38, the insulating 
ingredients 39d-39f are arranged in the lower limit of the excitation electrodes 
32a, 32c, and 32e. 

[0059] reflecting layers 33 and 34 are located in the die-length direction both 
ends of a piezoelectric device 32 ~ having ~ **** - an acoustic-impedance ratio - 
- it is constituted by the epoxy resin used as Z2/Z1=1/16. the outside of reflecting 
layers 33 and 34 -- an acoustic-impedance ratio - the attachment components 
35 and 36 which consist of titanic-acid lead zirconate system ceramics used as 
Z2/Z3=1/16 are connected. 

[0060] In addition, the terminal electrodes 37 and 38 are formed so that it may 
result in the end face 35a and 36a which a piezo resonator 31 counters for each 
other, i.e., the outside end faces of attachment components 35 and 36. Also in 
this example, reflecting layers 33 and 34 and the cross-section configuration of 
attachment components 35 and 36 are made the same as that of a piezoelectric 
device 32. Therefore, a piezo resonator 31 has a square bar-like configuration. 
[0061] Like the 2nd example, the piezoelectric device 32 as an oscillating 
member may use the higher harmonic in die-length mode. The impedance- 
frequency characteristics and phase-frequency characteristics of a piezo 
resonator 31 are shown in drawing 18 . Moreover, as shown in drawing 17 R> 7, 
electroconductive glue 42 and 43 is used for a piezo resonator 31 on the 
mounting substrate 41, and impedance-frequency characteristics and phase- 
frequency characteristics junction and after fixing are shown in drawing 19 R> 9. 
In drawing 18 and drawing 19 , a continuous line shows phase-frequency 
characteristics and a broken line shows impedance-frequency characteristics, 
respectively. 

[0062] Also in the 2nd example, it turns out that the property before being 
mounted in the mounting substrate 41 (namely, piezo-resonator 31 simple 



substance), and the property after being mounted in the mounting substrate 41 
hardly change so that clearly from the comparison of drawing 18 and drawing 19 . 
[0063] Therefore, also in the 2nd example, in attachment components 35 and 36, 
even if it holds a piezo resonator 31 mechanically, it turns out that effect hardly 
arises in the resonance characteristic of a piezoelectric device 32. 
[0064] In addition, as shown to drawing 20 in a decomposition perspective view, 
two or more piezo resonators 31 may be joined through the insulating adhesives 
51 and 52, and the mounting substrate 53 top may be mounted. It connects 
electrically so that two piezo resonators 31 and 31 may be joined and a filter 
circuit may be constituted from structure shown in drawing 20 . The electrical 
installation between two piezo resonators 31 is achieved with the electric 
conduction patterns 54a-54d formed on the mounting substrate 53. Moreover, 
the metal cap 55 is fixed on the mounting substrate 53. The metal cap 55 is fixed 
to the mounting substrate 53 using insulating adhesives so that piezo resonators 
31 and 31 may be surrounded and closed. The composite-material rocking 
equipment applied to this invention like the filter components shown in drawing 
20 is applicable not only to a piezo resonator but a filter. 
[0065] Drawing 21 is the perspective view showing the piezo resonator 
concerning the 3rd example of this invention. A piezo resonator 61 has the 
piezoelectric device 62 using thickness skid mode. A piezoelectric device 62 has 
the rectangle tabular configuration which consists of electrostrictive ceramics in 
this example, the excitation electrode 63 is formed in a top face, and the 
excitation electrode 64 is formed in the inferior surface of tongue. Polarization 
processing of the piezoelectric device 62 is carried out in the die-length direction. 
A piezoelectric device 62 is excited in thickness skid mode by impressing 
alternating voltage from the excitation electrodes 63 and 64. 
[0066] In addition, it differs in the piezo resonator 201 (refer to drawing 44 ) using 
the conventional thickness skid mode of energy ****** type, and the excitation 
electrodes 63 and 64 are formed all over the top face and the inferior surface of 
tongue in the piezoelectric device 62. Therefore, a piezoelectric device 62 is not 



a piezo resonator of energy ****** type. 

[0067] But reflecting layers 65 and 66 and attachment components 67 and 68 are 
connected with the die-length direction both sides of a piezoelectric device 62 
like the 1st example. In addition, the dimension of the direction to which the 
thickness 62, i.e., the piezoelectric device, and the attachment components 67 
and 68 of reflecting layers 65 and 66 are connected is set to abbreviation lambda 
/ 4 when wavelength of spread vibration is set to lambda. And the resonance 
electrodes 63 and 64 are put in a row by the terminal electrodes 69 and 70. The 
terminal electrodes 70 and 69 are formed so that it may result in the end face 
67a and 68a of a piezo resonator 62, i.e., the outside end faces of attachment 
components 67 and 68. 

[0068] Although a piezoelectric device 62 is not energy ****** type, reflecting 
layers 65 and 66 and attachment components 67 and 68 consist of piezo 
resonators 61 of this example like the 1st example. 

[0069] That is, the area S1 of the field where the reflecting layers 65 and 66 of a 
piezoelectric device 62 are connected, and area S2 of the part connected with 
the piezoelectric device 62 of reflecting layers 65 and 66 are made equal. In 
other words, S2/S1 is set to 1 . 

[0070] Moreover, since the acoustic-impedance value Z1 of a piezoelectric 
device 62, the acoustic-impedance value Z2 of reflecting layers 65 and 66, and 
the acoustic-impedance value Z3 of attachment components 67 and 68 are 
chosen like the 1st example, vibration spread in the die-length direction from the 
piezoelectric device 62 is reflected by the interface of reflecting layers 65 and 66 
and attachment components 67 and 68. Therefore, even if it supports 
mechanically by attachment components 67 and 68 like the 1st example, effect 
hardly arises in the resonance characteristic of a piezoelectric device 62. Thus, 
even if it is the case where thickness skid mode is used, by using this invention, 
the periodic-damping section can be lost and the miniaturization of the piezo 
resonator using thickness skid mode can be attained. 

[0071] That is, about by lambda/4, since the thickness (dimension which meets in 



the die-length direction of resonance 61) of reflecting layers 65 and 66 is good, it 
does not need the big periodic-damping section like the piezo resonator 201 of 
the conventional energy ****** type. Moreover, the attachment components 67 
and 68 of the dimension which meets in the die-length direction of the piezo 
resonator 61 may be very small, and since what is necessary is just to constitute 
the above-mentioned reflector, a piezo resonator 61 can make the die-length 
dimension small compared with a piezo resonator 201. 
[0072] The frequency characteristics of the piezo resonator 61 of this example 
and the frequency characteristics in the condition of having used 
electroconductive glue 72 and 73 and having fixed the piezo resonator 61 on the 
mounting substrate 71 as shown in a list at drawing 22 hardly changed. Although 
the broken line of drawing 23 shows impedance-frequency characteristics, a 
continuous line shows phase-frequency characteristics and the property after 
being mounted in the mounting substrate 71 is shown by drawing 23 , illustration 
is omitted in order for the property before mounting to hardly change, either. 
About the piezo resonator as composite-material rocking equipment concerning 
this invention, especially the oscillation mode of not only the thing using the 
oscillation mode used in the 1st - the 3rd example but the piezoelectric device as 
an oscillating member is not limited. 

[0073] Drawing 24 is the schematic-drawing-sectional view showing the 
modification of the piezo resonator as composite-material rocking equipment 
concerning this invention. In the piezo resonator 81 shown in drawing 24 , the 
rectangle tabular piezoelectric device 82 using thickness longitudinal oscillation is 
used. The excitation electrodes 83 and 84 are formed in the top face and inferior 
surface of tongue of a piezoelectric device 82 so that it may counter through a 
piezoelectric device 82. The laminating of the ceramic plates 87 and 88 as an 
attachment component is carried out to the top face and inferior surface of 
tongue of a piezoelectric device 82 through reflecting layers 85 and 86. Moreover, 
the terminal electrodes 89 and 90 electrically connected to the excitation 
electrodes 83 and 84 are formed in the outside surface of a piezo resonator 81 , 



respectively. 

[0074] Like a piezoelectric device 82, the piezoelectric device using thickness 
longitudinal-oscillation mode may be used as an oscillating member in this 
invention. Moreover, the laminating of reflecting layers 83 and 84 and the 
attachment components 87 and 88 may be carried out to the upper and lower 
sides of a piezoelectric device 82 like a piezo resonator 81 . 
[0075] Furthermore, this invention is applicable also to the piezo resonator using 
the thickness longitudinal-oscillation mode of a laminating mold like the piezo 
resonator 91 shown in drawing 25 . Here, in addition to the excitation electrodes 
93 and 94, a piezoelectric device 92 has the internal electrodes 95 and 96 
constituted in the piezoelectric device 92. Therefore, the piezoelectric device 92 
using the higher harmonic of thickness longitudinal oscillation is constituted. The 
laminating of reflecting layers 83 and 84 and the attachment components 87 and 
88 is carried out to the upper and lower sides of a piezoelectric device 92 like the 
piezo resonator 81. 

[0076] Moreover, in the composite-material rocking equipment in this invention, 
when the direction [ in / for the direction / in / for the oscillating direction of an 
oscillating member / A and an oscillating member / of the propagation of vibration 
/ B and a reflecting layer ] of the propagation of vibration is set to C, the 
combination of Direction A - Direction C may deform suitably. 
[0077] That is, like the piezo resonators 101-103 shown in drawing 26 (a) - (c), 
Direction A and Direction B are parallel, and it may be arranged so that Direction 
B and Direction C may intersect perpendicularly, in addition, the piezo resonator 
for which drawing 26 (a) - (c) all used die-length vibration -- it is ~ each 
piezoelectric devices 101a, 101b, and 101c -- polarization processing is carried 
out in the direction of an arrow head of illustration, respectively. Moreover, as for 
a reflecting layer and 104b, 104a shows an attachment component. 
[0078] Drawing 26 (a) In the piezo resonators 101-103 shown in - (c), the inferior 
surface of tongue of piezoelectric devices 101a-101c is a field connected with a 
reflecting layer, and when area of this inferior surface of tongue is set to S1, both 



touch area S2 in the part connected with the piezoelectric devices 101a-101c of 
reflecting layers 104a and 104b is made smaller than S1. 
[0079] That is, in this invention, a reflecting layer may be perpendicularly 
arranged to the direction of the propagation of vibration in an oscillating member. 
The result of having analyzed the displacement distribution by the finite element 
method of such structure is shown in drawing 27 . As an oscillating member, the 
acoustic-impedance value Z1 consists of electrostrictive ceramics of 
3.0x1 07kg/(m2ands), and the piezoelectric device 106 using the die-length mode 
in which die length L1 is 0.98mm, and a resonator frequency is 2MHz consists of 
drawing 27 . The reflecting layer 107,108 is arranged in the side face of this 
piezoelectric device 106, i.e., the direction which intersects perpendicularly to the 
direction of the propagation of vibration of a piezoelectric device 106. The area 
S1 of the side face of a piezoelectric device 106 is 2 0.294mm. Area S2 of the 
part by which the acoustic-impedance value Z2 is made 1.87x106kg/(m2ands), 
and thickness (dimension of the direction from the interface of a piezoelectric 
device 106 and a reflecting layer 107,108 to the field of the opposite side of a 
reflecting layer 107,108) is set to 0.15mm, and the reflecting layer 107,108 is 
connected with the piezoelectric device 106 of a reflecting layer 107,108 is set to 
2 0.084mm. An attachment component 109,110 consists of titanic-acid lead 
zirconate system ceramics of acoustic-impedance Z3= 3.0x107kg/(m2ands), and 
is connected with the above-mentioned reflecting layer 107,108. 
[0080] Also in a piezo resonator 105, it turns out that vibration is hardly revealed 
to an attachment component 109,1 10 so that clearly from drawing 27 . Therefore, 
in the composite-material rocking equipment concerning this invention, the 
reflecting layer may be connected in the direction which intersects 
perpendicularly to the direction of the propagation of vibration in an oscillating 
member. Such an example is embodied in the piezo resonators 101-103 shown 
in drawing 26 (a) - (c) mentioned above. 

[0081] Moreover, a reflecting layer 1 13,1 14 may be arranged in the direction of 
the propagation of vibration (parallel to the direction of polarization shown by the 



arrow head) of the piezoelectric devices 111a and 11 2a which used thickness 
longitudinal-oscillation mode like the piezo resonator 111,112 shown in drawing 
28 (a) and (b) in schematic drawing, and the direction which intersects 
perpendicularly. In addition, piezoelectric-device 112a shown in drawing 28 (b) is 
a piezo-electric resonant element using the thickness longitudinal oscillation of 
the laminating mold which has an internal electrode. 

[0082] In drawing 28 (a) and (b), the reflecting layer 1 13,1 14 is arranged at the 
both sides using thickness longitudinal oscillation of piezoelectric devices 111a 
and 112a in the direction of the propagation of vibration in piezoelectric devices 
111a and 1 12a, and the direction which intersects perpendicularly. Moreover, as 
for the field where the reflecting layer 113,114 is combined with piezoelectric 
devices 111a and 1 12a, the attachment component 1 15,1 16 is connected with 
the field of the opposite side. 

[0083] Furthermore, like the piezo resonator 117 shown in drawing 29 with the 
composite-material rocking equipment concerning this invention, the direction of 
vibration displacement in an oscillating member and the direction of the 
propagation of vibration in an oscillating member may intersect perpendicularly, 
and the direction of the propagation of vibration in an oscillating member and the 
direction of the propagation of vibration in a reflecting layer may be parallel. In 
the piezo resonator 117, it has piezoelectric-device 117a. Piezoelectric-device 
1 17a has the structure which formed the excitation electrode 1 18,1 19 in both the 
principal planes of electrostrictive ceramics, and polarization processing is 
carried out in the space-**** direction in drawing 29 . Therefore, piezoelectric- 
device 1 17a is a piezoelectric device using the thickness twist oscillation mode. 
The reflecting layer 1 13,1 14 and the attachment component 1 15,1 16 are 
connected with the outside of this piezoelectric-device 117a. 
[0084] So that clearly from drawing 26 - drawing 29 , and below-mentioned 
drawing 31 (a) - (c) The direction [ in / on this invention and / the direction of 
vibration displacement of an oscillating member, and an oscillating member ] of 
the propagation of vibration, It can constitute in a relation with various directions 



of the propagation of vibration in a reflecting layer. In any case, as long as the 
acoustic impedances Z1-Z3 mentioned above fill the above-mentioned specific 
relation, in an attachment component, a piezo resonator can be mechanically 
held like the 1st example, without affecting the resonance characteristic of a 
piezoelectric device. 

[0085] Moreover, this invention is applicable also to the resonator and filter, for 
example, the surface wave equipment, of the others using the piezo-electric 
effect. Drawing 30 is the top view showing the surface wave resonator as the 4th 
example of the composite-material rocking equipment concerning this invention. 
In the surface-wave resonator 121, 1st and 2nd 

INTADEJITARUTORANSUDEYUSA (IDT) 123,124 is separated and arranged in 
surface-wave propagation on the rectangle tabular piezo-electric substrate 122. 
And the 1st and 2nd reflecting layer 125,126 is combined with the surface wave 
propagation outside of the piezo-electric plate 122, and the attachment 
component 127,128 which becomes the outside of a reflecting layer 125,126 
from a ceramic plate is connected. The acoustic-impedance value Z1 of the 
piezo-electric plate 122, the acoustic-impedance value Z2 of a reflecting layer 
125,126, and the acoustic impedance Z3 of an attachment component 127,128 
are chosen like the 1st example, since it is surface ratio S2/S1=1, a surface wave 
is reflected by the interface with the attachment component 127,128 of a 
reflecting layer 125,126, and it can be made to operate as a surface wave 
resonator here. Therefore, since a reflector is omissible, the miniaturization of a 
surface wave resonator can be attained. 

[0086] Drawing 31 (a) The piezo resonators 131-133 shown in - (c) are each 
schematic-drawing-sectional view showing the piezo resonator which has the 
relation a relation and the direction A of vibration displacement of an oscillating 
member, the direction B of the propagation of vibration in an oscillating member, 
and the direction C of the propagation of vibration in a reflecting layer cross at 
right angles mutually, respectively. 

[0087] In the piezo resonator 131 , the piezoelectric device 134 using thickness 



skid mode is used. Here, although polarization processing of the piezoelectric 
device 134 is carried out in the direction of an arrow head of illustration, it has the 
excitation electrode 135,136 and the direction A of vibration displacement also 
has a component parallel to an excitation electrode, a perpendicular component 
also becomes a certain thing and the direction B of the propagation of vibration in 
a piezoelectric device 134 is made into the direction parallel to the excitation 
electrode 135,136. On the other hand, the reflecting layer 137,138 is connected 
with the inferior surface of tongue of a piezoelectric device 134, and the direction 
of the propagation of vibration in this reflecting layer 137,138 lies at right angles 
to the direction of the propagation of vibration in a piezoelectric device 134. 
Attachment components 139a and 139b are connected with the field connected 
with the piezoelectric device 134 of a reflecting layer 137,138, and the field of the 
opposite side. 

[0088] In drawing 31 (b), the attachment component 140 is used, and this 
attachment component 140 connects the attachment components 139a and 139b 
of drawing 31 (a), and is equivalent to the unified structure. 
[0089] Thus, the attachment component prepared in the outside of a reflecting 
layer may be connected with the both sides of the 1st and 2nd reflecting layer. 
[0090] In the piezo resonator 133 shown in drawing 31 (c), the piezoelectric 
device 141 using thickness twist vibration is used. About other points, it is the 
same as that of the piezo resonator 1 shown in drawing 31 (a). 
[0091] Although the piezoelectric device which used various oscillation modes as 
an oscillating member can be used in the composite-material rocking equipment 
concerning this invention as mentioned above, it may replace with a piezoelectric 
device and an electrostrictive effect component may be used. Furthermore, not 
only electric machine joint sensing elements, such as a piezoelectric device and 
an electrostriction component, but the source of vibration which generates 
various vibration can be used as an oscillating member of the composite-material 
rocking equipment concerning this invention. 

[0092] Moreover, in this invention, the connection relation between an oscillating 



member, a reflecting layer, and an attachment component is not limited to each 
example and modification which were mentioned above. For example, as shown 
in drawing 32 (a), (b), (c), and drawing 33 , the composite-material rocking 
equipment using two or more oscillating members can also be constituted. 
[0093] In the composite-material rocking equipment shown in drawing 32 (a), the 
1st and 2nd oscillating member 151,152 is connected through the reflecting layer 
153, and the reflecting layer 154,155 and the attachment component 156,157 are 
connected with each outside of the 1st and 2nd oscillating member 151,152. 
Here, a reflecting layer 155,156 constitutes the 1st and 2nd reflecting layer in this 
invention, and the attachment component 156,157 constitutes the 1st and 2nd 
attachment component in this invention. And the structure which the 1st and 2nd 
oscillating member 151,152 has connected by the reflecting layer 153 can be 
grasped as one oscillating member of the composite-material rocking equipment 
in this invention. Moreover, since the 1st and 2nd oscillating member 151,152 is 
connected through the reflecting layer 153, vibration spread from the 1st 
oscillating member to the reflecting layer 153 side is reflected by the interface of 
a reflecting layer 153 and the 2nd oscillating member 152, and vibration spread 
from the oscillating member 152 to the reflecting layer 153 side is conversely 
reflected by the interface of a reflecting layer 153 and the 1st oscillating member 
151. 

[0094] In the composite-material rocking equipment shown in drawing 32 (b), the 
1st and 2nd reflecting layer 162,163 is connected with the both sides of the 
oscillating member 161, and the attachment component 164,165 is connected 
with the outside of the 1st and 2nd reflecting layer 162,163. That is, it is the same 
structure as the 1st example so far. A different place is to connect the 3rd 
reflecting layer 166, the 2nd oscillating member 167, the 4th reflecting layer 168, 
and the 3rd attachment component 169 with the outside of the 2nd attachment 
component 165 in this sequence. Here, vibration produced in the 2nd oscillating 
member 169 is reflected according to the interface of a reflecting layer 166,168 
and an attachment component 165,169. That is, it is equivalent to the structure 



where two composite-material rocking equipment is connected, by preparing two 
composite-material rocking equipment of the 1st example, and serving as one 
attachment component of both. 

[0095] The composite-material rocking equipment 172,173 which consisted of 
composite-material rocking equipment 171 shown in drawing 33 like the 1st 
example is connected through the reflecting layer 174. 

[0096] Moreover, as shown in drawing 32 (c), reflecting layers 186 and 187 and 
an attachment component 188,189 may be connected with the pan of the 
structure which connected the reflecting layer 182,183 and the attachment 
component 184,185 with the both sides of the oscillating member 181 on the 
outside of each attachment component 184,185. 

[0097] Drawing 34 is the perspective view showing the piezo resonator using the 
thickness slipping mode as composite-material rocking equipment of the example 
of further others of this invention. A piezo resonator 301 has the piezoelectric 
device 302 using the thickness slipping mode as an oscillating member, the 
reflecting layer 303 connected with the end of a piezoelectric device 302, and the 
attachment component 304 connected with the outside of a reflecting layer 303. 
[0098] A piezoelectric device 302 has piezo electric crystal 302a. Piezo electric 
crystal 302a has a strip configuration, and polarization processing is carried out 
in the die-length direction. The excitation electrodes 302b and 302c are formed in 
the top face and inferior surface of tongue of piezo electric crystal 302a. A 
piezoelectric device 302 resonates in thickness slipping mode by impressing 
alternating voltage between excitation electrode 302b and 302c. 
[0099] On the other hand, the drawer electrodes 302d and 302e are formed so 
that the top face and inferior surface of tongue of a reflecting layer 303 and an 
attachment component 304 may be reached, so that it may stand in a row in the 
excitation electrodes 302b and 302c. 

[0100] Also in this example, when the touch area of the field where the area 
which is 302f of end faces of the piezoelectric device 302 with which the 
reflecting layer 303 is connected is connected with the piezoelectric device 302 



of S1 and a reflecting layer 303 is set to S2, S2/S1 is set to 1 . That is, it 
considers as the configuration where the field connected with the piezoelectric 
device 302 of the cross-section configuration of a piezoelectric device 302 and 
the reflecting layer 303 parallel to this cross section is the same. Here, a 
piezoelectric device 302 consists of lead titanate system ceramics, and the 
acoustic impedance Z1 is 3.4x1 07kg/(m2ands). 

[0101] On the other hand, the reflecting layer 303 is constituted by the epoxy 
resin whose acoustic impedance is 1.87x106kg/(m2ands). Moreover, the 
attachment component 304 is constituted by the ceramics whose acoustic 
impedance is 3.4x1 07kg/(m2ands). 

[0102] In the piezo resonator 301 of this example, the die length of 0.08mm and 
an attachment component 304 was set to 0.04mm for the dimension which meets 
0.75mm in the dimension which meets in the die length of polarization, i.e., 
direction, of a piezoelectric device 302, and meets resonance frequency in the 
thickness of 4.0MHz and a reflecting layer 303, i.e., the die-length direction of a 
piezoelectric device 302, and the displacement condition of the above-mentioned 
piezo resonator 301 was analyzed with the finite element method. A result is 
shown in drawing 35 . 

[0103] In the attachment component 304, a variation rate has hardly arisen so 
that clearly from drawing 35 . Therefore, it turns out that a piezo resonator 301 
can be supported using an attachment component 304, without affecting the 
resonance characteristic of a piezoelectric device 302. That is, vibration spread 
from the piezoelectric device 302 in a reflecting layer 303 is reflected like the 
example shown in drawing 1 , and an attachment component 304 thinks for 
vibration to hardly spread. 

[0104] In this invention, the reflecting layer and the attachment component may 
be prepared only in the one side of an oscillating member so that clearly also 
from this example. 

[0105] Drawing 36 shows the impedance-frequency characteristics and phase- 
frequency characteristics of a piezo resonator which were constituted as 



mentioned above. In addition, a continuous line shows impedance-frequency 
characteristics and a broken line shows phase-frequency characteristics. In 
addition, it is shown that 1.E+On of the axis of ordinate of drawing 36 is 1x1 On, 
for example, it is shown that 1.E+02 is 1x102. 

[0106] Although the piezoelectric device 302 using thickness slipping mode was 
formed in the above-mentioned piezo resonator 301, as shown in drawing 37 R> 
7, the piezoelectric device 312 using thickness longitudinal-oscillation mode may 
be used. In the piezo resonator 311 shown in drawing 37 , the reflecting layer 
31 3 is formed in the inferior surface of tongue of the piezoelectric device 31 2 
using thickness longitudinal-oscillation mode, and the laminating of the 
attachment component 314 is carried out to the inferior surface of tongue of a 
reflecting layer 313. 

[0107] Thus, with the configuration of a piezoelectric device 312 which, on the 
other hand, formed the reflecting layer and the attachment component 314 only 
in the field side, thin shape-ization can be advanced to both sides compared with 
the structure which prepared the reflecting layer and the attachment component. 
[0108] Drawing 38 - drawing 43 show each modification of the composite- 
material rocking equipment with which the reflecting layer and the attachment 
component were prepared only in one side of an oscillating member as well as 
the example shown in drawing 34 . With the structure shown in drawing 38 (a), 
the reflecting layer 323 and the attachment component 324 are formed in the die- 
length direction end side of the piezoelectric device 322 using the die-length 
oscillation mode. Thus, even if it uses the piezoelectric device 322 using die- 
length mode, it can constitute like the piezo resonator 301 of the above- 
mentioned example. 

[0109] Drawing 38 (b) has the piezoelectric device 332 of the laminating mold 
using the die-length oscillation mode. That is, the reflecting layer 333 and the 
attachment component 334 are formed in the die-length direction end of a 
piezoelectric device 332. In other words, the piezo resonator 331 shown in 
drawing 38 (b) is equivalent to the structure which removed the reflecting layer 



and attachment component of one side of a piezo resonator 31 which were 
shown in drawing 16 . 

[01 10] Moreover, drawing 39 (a) is the transverse-plane sectional view of the 
piezo resonator of the modification shown in drawing 37 . Drawing 39 (b) shows 
the example which changed into the thickness length piezo resonator of a 
laminating mold the piezo resonator shown in drawing 37 and drawing 39 (a). 
Moreover, it is arranged so that two or more excitation electrodes 342a-342d 
may overlap through a ceramic layer, and the piezoelectric device 332 of the 
laminating mold in thickness longitudinal-oscillation mode is constituted. 
[0111] In each piezo resonator shown in drawing 38 (a) - drawing 39 (b), it is 
equivalent to the example by which the direction of vibration displacement in the 
piezoelectric device which is all the oscillating section, the direction of the 
propagation of vibration in a piezoelectric device, and the direction of the 
propagation of vibration in a reflecting layer are made parallel. 
[0112] Next, the direction of vibration displacement of the oscillating section and 
the direction of the propagation of vibration in the oscillating section are parallel, 
and the modification made into the direction where the direction of the 
propagation of vibration in a reflecting layer intersects perpendicularly to these 
directions is shown in drawing 40 and drawing 41 . 

[0113] In the piezo resonator 351 shown in drawing 40 (a), the reflecting layer 
353 is connected with the die-length direction end side of the piezoelectric device 
352 using the die-length oscillation mode on the inferior surface of tongue of a 
piezoelectric device 352, and the attachment component 354 is connected with 
the inferior surface of tongue of this reflecting layer 353. These can control 
propagation of vibration like the above-mentioned example by [ to an attachment 
component 354 ] reflecting vibration by the reflecting layer 353, even if the 
direction of the propagation of vibration in a reflecting layer is the case where it 
considers as the direction of vibration displacement and the direction of the 
propagation of vibration in a piezoelectric device 352, and the direction which 
intersects perpendicularly. 



[0114] Drawing 40 (b) is constituted like the piezo resonator 351 , if a 
piezoelectric device 362 removes that it is a piezo resonator using the die-length 
oscillation mode of a laminating mold. Moreover, in the piezo resonator 371 
shown in drawing 41 (a), the reflecting layer 373 and the attachment component 
374 are connected with one [ using thickness longitudinal-oscillation mode ] side 
face of a piezoelectric device 372. Also in this case, vibration spread from the 
piezoelectric device 372 by the reflecting layer 373 is reflected, and propagation 
of the vibration to an attachment component 374 can be controlled. Moreover, as 
shown in drawing 41 (b), the piezoelectric device using the thickness longitudinal 
mode may be the piezoelectric device 392 of the laminating mold which has two 
or more excitation electrodes 392a-392d. 

[0115] Next, to the direction of vibration displacement of an oscillating member, 
the direction of the propagation of vibration in an oscillating member lies at right 
angles, and a modification with parallel direction of the propagation of vibration in 
an oscillating member and direction of the propagation of vibration in a reflector 
is shown in drawing 42 . 

[0116] In the piezo resonator 401 shown in drawing 42 (a), the reflecting layer 
403 and the attachment component 404 are connected with the die-length 
direction end of the piezoelectric device 402 using thickness slipping mode. 
Moreover, in the piezo resonator 41 1 shown in drawing 42 (b), the reflecting layer 
413 and the attachment component 414 are connected with the die-length 
direction end of the piezoelectric device 412 using thickness twist vibration. 
[01 17] Furthermore, you may be the structure where the direction of vibration 
displacement of an oscillating member and the direction of the propagation of 
vibration in an oscillating member lie at right angles, and the direction of the 
propagation of vibration in an oscillating member and the direction of the 
propagation of vibration in a reflector lie at right angles, and the piezo resonator 
421,431 shown in drawing 43 (a) and (b) is mentioned as an example of such 
structure. In the piezo resonator 421, on the inferior surface of tongue of the 
piezo resonator 422 using thickness slipping mode, the reflecting layer 423 is 



connected with the die-length direction end side, and the attachment component 
424 is connected with the inferior surface of tongue of a reflecting layer 423. 
Moreover, in the piezo resonator 431 shown in drawing 43 (b), the laminating of a 
reflecting layer 433 and the attachment component 434 is carried out to the end 
close-attendants side on the inferior surface of tongue of the piezo resonator 432 
using thickness twist vibration. 

[0118] As shown in drawing 43 (a) and (b), even when the direction of vibration 
displacement of an oscillating member and the direction of the propagation of 
vibration in an oscillating member lie at right angles and the direction of the 
propagation of vibration in an oscillating member and the direction of the 
propagation of vibration in a reflecting layer lie at right angles, a piezo resonator 
can be mechanically held by the attachment component like the example shown 
in drawing 3434 , without affecting the resonance characteristic of a piezoelectric 
device by existence of a reflecting layer. 
[0119] 

[Effect of the Invention] In the composite-material rocking equipment offered on a 
large aspect of affairs with this invention The 1st and 2nd attachment component 
is connected with the side with which the 1st and 2nd reflecting layer is 
connected with the both sides of an oscillating generation source, and the 
oscillating member of the 1st and 2nd reflecting layer is connected in the 
opposite side. Since the acoustic-impedance value Z2 of a reflecting layer is 
made lower than the acoustic-impedance values Z1 and Z3 of an oscillating 
member and an attachment component and surface ratio S2/S1 is made or less 
into one In the interface of a reflecting layer and an attachment component, 
vibration spread from the oscillating member to the reflecting layer is reflected 
almost certainly. Therefore, it can support mechanically by the 1st and 2nd 
attachment component, without affecting the oscillation characteristic of an 
oscillating member. 

[0120] Also in the composite-material rocking equipment offered according to 
another large aspect of affairs of this invention, since the acoustic-impedance 



value Z2 of a reflecting layer is made lower than the acoustic-impedance values 
Z1 and Z3 of an oscillating member and an attachment component and area 
S2/S1 is made or less into one, in the interface of a reflecting layer and an 
attachment component, vibration spread from the oscillating member to the 
reflecting layer is reflected almost certainly. Therefore, in an attachment 
component, composite-material rocking equipment can be supported 
mechanically, without affecting the oscillation characteristic of an oscillating 
member. Moreover, in this case, since the reflecting layer and the attachment 
component are prepared only in the one side of an oscillating member, the 
miniaturization of composite-material rocking equipment can be attained. 
[0121] In this invention, since vibration which connected the reflecting layer and 
the attachment component as mentioned above to the above-mentioned 
oscillating member, and has been spread to the reflecting layer in the interface of 
a reflecting layer and an attachment component is reflected, it is not limited 
especially about the oscillation mode or the concrete structure of an oscillating 
member. When following, for example, using a piezo-electric oscillating 
component as an oscillating member, various oscillation modes, such as the die- 
length oscillation mode, the crookedness oscillation mode, and flare mode, can 
be used, and the composite-material rocking equipment which may be supported 
without needing the supporting structure with a complicated spring terminal etc. 
can be constituted using the oscillation mode which was not able to constitute an 
energy ****** type piezo-electricity oscillating component conventionally. 
[0122] Moreover, such the periodic-damping section is not needed in the 
composite-material rocking equipment which the piezo resonator using the 
conventional energy ****** type thickness skid mode also requires for this 
invention to having had to constitute the periodic-damping section of a 
comparatively big area. Therefore, when the oscillation mode is used, compared 
with the piezo-electric oscillating component of the conventional energy ****** 
type, a smaller piezo resonator and a piezo-electric filter can be offered by using 
this invention. 



[0123] Also when the acoustic-impedance ratios Z2/Z3 are 0.2 or less similarly, 
even if it can support composite-material rocking equipment in an attachment 
component, and it supports mechanically by the attachment component, without 
having most effects on the oscillation characteristic in an oscillating member 
when the acoustic-impedance ratios Z2/Z1 are 0.2 or less, it can be made still 
smaller than the oscillation characteristic of an oscillating member. 
[0124] With the side with which the 1st and 2nd reflecting layer of the 1st and/or 
the 2nd attachment component is connected, when the 3rd reflecting layer, the 
2nd oscillating member, the 4th reflecting layer, and the 3rd attachment 
component are connected with the opposite side in this sequence, according to 
this invention, the filter using two oscillating members etc. can be constituted 
easily. Moreover, it also sets to the composite-material rocking equipment with 
which the 1st attachment component, the 1st reflecting layer, the 1st oscillating 
member, the 2nd reflecting layer, the 2nd oscillating member, the 3rd reflecting 
layer, and the 2nd attachment component are connected in this sequence. Since 
it can support mechanically by the 1st and 2nd attachment component, without 
affecting the oscillation characteristic of the 1st and 2nd oscillating member 
according to this invention, a small piezo-electric filter, compound piezo- 
electricity resonance components, etc. using various oscillation modes can be 
offered. 

[0125] In this invention, when wavelength of vibration by which the distance from 
an interface with the oscillating member of a reflecting layer to the interface of a 
reflecting layer and an attachment component has been spread is set to lambda 
and it considers as the range of n-lambda / 4**lambda/8, the effect of the 
oscillation characteristic of the oscillating member at the time of performing 
mechanical support by the attachment component can be mitigated further. 

[Translation done.] 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] (a) and (b) are the perspective view and drawing of longitudinal 
section showing the piezo resonator as composite-material rocking equipment 
concerning the 1st example of this invention. 

[Drawing 2] Typical drawing of longitudinal section showing the displacement 
distribution analyzed with the finite element method of a piezo resonator shown 
in drawing 1 . 

[Drawing 3] The perspective view showing the condition of having mounted the 
piezo resonator concerning the 1st example in the mounting substrate. 
[Drawing 4] Drawing showing the resonance characteristic before mounting in the 
mounting substrate of the piezo resonator concerning the 1st example. 
[Drawing 5] Drawing showing the resonance characteristic after mounting in the 
mounting substrate of the piezo resonator concerning the 1st example. 
[Drawing 6] The outline block diagram of the composite-material rocking 
equipment concerning this invention. 

[Drawing 7] Drawing showing the relation of the acoustic-impedance ratios Z2/Z1 
and resonance frequency rate of change in the piezo resonator of the 1 st 
example. 

[Drawing 8] Drawing showing the relation of the acoustic-impedance ratios Z2/Z1 
and fractional-bandwidth rate of change in the piezo resonator of the 1st example. 
[Drawing 9] Drawing showing the relation of the acoustic-impedance ratios Z2/Z3 



and resonance frequency rate of change in the piezo resonator of the 1 st 
example. 

[Drawing 10] Drawing showing the relation of the acoustic-impedance ratios 
Z2/Z3 and fractional-bandwidth rate of change in the piezo resonator of the 1st 
example. 

[Drawing 11] Drawing showing the relation of the dimension and resonator 
frequency rate of change which meet in the die-length direction of the piezo 
resonator of the reflecting layer at the time of using the reflecting layer of various 
acoustic impedances. 

[Drawing 12] Drawing showing the relation of the dimension and fractional- 
bandwidth rate of change which meet in the die-length direction of the piezo 
resonator of the reflecting layer at the time of using the reflecting layer of various 
acoustic impedances. 

[Drawing 13] Drawing showing the frequency rate of change at the time of 
changing the dimension which meets in the thickness of a reflecting layer, i.e., 
the die-length direction of a piezo resonator. 

[Drawing 14] Drawing showing the fractional-bandwidth rate of change at the 
time of changing the dimension which meets in the thickness of a reflecting layer, 
i.e., the die-length direction of a piezo resonator. 

[Drawing 15] Drawing showing the resonance frequency rate of change at the 
time of changing surface ratio S2/S1 when area of the field where the area of the 
field where the reflecting layer of an oscillating member is connected is 
connected with S1 and the oscillating member of a reflecting layer, i.e., both 
touch area, is set to S2. 

[Drawing 16] (a) and (b) are the perspective view of the piezo resonator as the 
2nd example of this invention, and partial notching cross-section drawing of 
longitudinal section. 

[Drawing 17] The perspective view showing the condition of having mounted the 

piezo resonator of the 2nd example on the mounting substrate. 

[Drawing 18] Drawing showing the resonance characteristic of the condition 



before mounting the piezo resonator of the 2nd example in a mounting substrate. 
[Drawing 19] Drawing showing the resonance characteristic of the condition after 
mounting the piezo resonator of the 2nd example in a mounting substrate. 
[Drawing 20] The decomposition perspective view for explaining the application 
as filter components using two piezo resonators. 

[Drawing 21] The perspective view showing the piezo resonator using the 
thickness skid mode as the 3rd example of the composite-material rocking 
equipment concerning this invention. 

[Drawing 22] The perspective view showing the condition of having mounted the 

piezo resonator of the 3rd example in the mounting substrate. 

[Drawing 23] Drawing showing the resonance characteristic in the condition of 

having mounted the piezo resonator of the 3rd example in the mounting 

substrate. 

[Drawing 24] The schematic-drawing-sectional view showing the piezo resonator 
using the thickness longitudinal oscillation as a modification of the composite- 
material rocking equipment of this invention. 

[Drawing 25] The schematic-drawing-sectional view for explaining the piezo 
resonator using the thickness longitudinal-oscillation mode of the laminating mold 
as other modifications of the composite-material rocking equipment concerning 
this invention. 

[Drawing 26] (a) - (c) is the schematic-drawing-sectional view showing each 
modification of the piezo resonator using the die-length mode constituted 
according to this invention. 

[Drawing 27] Drawing showing the displacement distribution analyzed by the 
Arimoto element method of a configuration of having arranged the reflecting layer 
in the direction which intersects perpendicularly in this invention to the direction 
of the propagation of vibration of the piezoelectric device using die-length mode. 
[Drawing 28] (a) and (b) are the schematic-drawing-sectional view showing each 
modification of the piezo resonator which comes to connect a reflecting layer and 
an attachment component with the both sides of a piezoelectric device which are 



constituted according to this invention and used thickness longitudinal oscillation. 
[Drawing 29] The schematic-drawing-sectional view of the piezo resonator which 
has the piezoelectric device which is composite-material rocking equipment 
constituted according to this invention, and used thickness torsion mode as an 
oscillating member. 

[Drawing 30] It is the top view showing the surface wave resonator as other 
modifications of the composite-material rocking equipment concerning this 
invention. 

[Drawing 31] (a) - (c) is the schematic-drawing-sectional view showing each 
piezo resonator using the thickness skid mode as a modification of the 
composite-material rocking equipment concerning this invention. 
[Drawing 32] (a) - (c) is the outline block diagram of the composite-material 
rocking equipment concerning this invention, and shows the modification of the 
composite-material rocking equipment which has the 1st and 2nd oscillating 
member, respectively. 

[Drawing 33] The 1st, the outline block diagram showing other examples of the 
composite-material rocking equipment concerning this invention which has the 
2nd oscillating member. 

[Drawing 34] The perspective view of the composite-material rocking equipment 
concerning the 4th example of this invention. 

[Drawing 35] Typical drawing of longitudinal section showing the displacement 
distribution analyzed with the finite element method in the composite-material 
rocking equipment shown in drawing 34 . 

[Drawing 36] Drawing showing the 4th impedance-frequency characteristics and 

phase-frequency characteristics of a piezo resonator of an example. 

[Drawing 37] The perspective view showing the thickness length piezo resonator 

concerning a modification with the 4th example. 

[Drawing 38] (a) And (b) is drawing of longitudinal section showing the 

modification of further others of the composite-material rocking equipment 

concerning this invention. 



[Drawing 39] (a) And (b) is each transverse-plane sectional view showing still 
more nearly another modification of the composite-material rocking equipment 
concerning this invention. 

[Drawing 40] (a) And (b) is drawing of longitudinal section showing the 
modification of further others of the composite-material rocking equipment 
concerning this invention. 

[Drawing 41] (a) And (b) is each transverse-plane sectional view showing still 
more nearly another modification of the composite-material rocking equipment 
concerning this invention. 

[Drawing 42] (a) And (b) is drawing of longitudinal section showing the 
modification of further others of the composite-material rocking equipment 
concerning this invention. 

[Drawing 43] (a) And (b) is each transverse-plane sectional view showing still 
more nearly another modification of the composite-material rocking equipment 
concerning this invention. 

[Drawing 44] Schematic-drawing-partial notching drawing of longitudinal section 
for explaining the condition of having mounted the conventional energy ****** 
type piezo resonator on the substrate. 

[Drawing 45] Drawing of longitudinal section showing an example of the 
conventional bulk mold acoustic wave filter. 
[Description of Notations] 

1 ~ Piezo resonator (composite-material rocking equipment) 

2 ~ Piezoelectric device 

3 4-- The 1st and 2nd reflecting layer 

5 6-- The 1st and 2nd attachment component 
7 8- Excitation electrode 
9 10- Terminal electrode 

31 - Piezo resonator (composite-material rocking equipment) 

32 - Piezoelectric device (composite-material rocking equipment) 

33 34 - The 1st and 2nd reflecting layer 



35 36 - The 1st and 2nd attachment component 

61 - Piezo resonator (composite-material rocking equipment) 

62 - Piezoelectric device 
65 66 -- Reflecting layer 

67 68 -- Attachment component 

81 -- Piezo resonator 

82 -- Piezoelectric device 
85 86 -- Reflecting layer 

87 88 -- Attachment component 

91 -- Piezo resonator 

92 -- Piezoelectric device 
101-103 -- Piezo resonator 
104 -- Piezoelectric device 
105,106 -- Reflecting layer 
107,108 - Attachment component 
111,112- Piezo resonator 
111a, 1 12a -- Piezoelectric device 
1 13 -- Piezo resonator 

1 13a -- Piezoelectric device 

115,116 -- Reflecting layer 

1 17,1 18 - Attachment component 

121 — Surface wave resonator 

122 -- Piezo-electric plate 
125,126 -- Reflecting layer 
127,128 - Attachment component 
151,152 - Oscillating member 
153 - Reflecting layer 

154,155 -- Reflecting layer 
156,157 - Attachment component 
161 -- 1st oscillating member 



162,163 -- The 1st and 2nd reflecting layer 
164,165 - The 1st and 2nd attachment component 

166 - Reflecting layer 

167 -- Oscillating member 

168 -- Reflecting layer 

169 -- Attachment component 

171 -- Composite-material rocking equipment 
172,173 -- Composite-material rocking equipment 
174 - Reflecting layer 

301 - Piezo resonator 

302 - Piezoelectric device 

303 - Reflecting layer 

304 -- Attachment component 

31 1 -- Piezo resonator 

312 -- Piezoelectric device 

313 -- Reflecting layer 

314 -- Attachment component 

321 -- Piezo resonator 

322 - Piezoelectric device 

323 - Reflecting layer 

324 - Attachment component 

331 - Piezo resonator 

332 - Piezoelectric device 

333 - Reflecting layer 

334 -- Attachment component 
342a-342d - Excitation electrode 

351 - Piezo resonator 

352 - Piezoelectric device 

353 - Reflecting layer 

354 -- Attachment component 



362 


- Piezoelectric device 


371 


- Piezo resonator 


372 


- Piezoelectric device 


373 


-- Reflecting layer 


374 


-- Attachment component 


421 


-- Piezo resonator 


422 


-- Piezo resonator 


431 


-- Piezo resonator 


432 


- Piezo resonator 


433 


-- Reflecting layer 


434 


-- Attachment component 
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mmn 1 ] umA yv-yyxtmzmm^wi 
mm^ztix v ^ & m&mmmm.'zb -> x , 
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mm2<7)HW4 y^-ryxmza^h±^m3 
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ft£ffli^§^(4, x^dff-PHtaftMoEm^S 

jg^ *«H«wtffifirf s ; t h . ; <m.<F>m^-$ 

£>-0J&l24 4 fcitft. J±«*»2 0 1 1(4, X h U 
>yTt£coEMM2 0 2?)±I(;*iii2 0 3tf*JBj£$ 
£EWK2 0 2<9Tffi££«K2 0 3fc#|i] 

-ts«tats»B2 0 4**jgjjtSfi.Tv^. 

20 3, 2 04!±J±ttM2 0 2^£2f fr^T^I^ 
ftnPSrffifiKLTV 5 . x*;l^-ffl ti&bST* S 

j±w&mm2 o i-m, j±wm®v>msmm-t& 
zk%< vmizts v ^Titff w izim-ti z. t ifxt h . 
[0004] h^th. x^;^-ffl timm^m^ 
mmm2oixn, mmmmm^mm^^-timt 

<vmmmm^Mf&L%tftiim^\ m-ox. mi 
if, m*.-tK o * - b* m Ltzx v u > y 7i^j±ms 
2 o 1 -m, < it'm-h^ 

[ooo5]fw, jissft. t§s». mtvwmtfr 
\$mmm*mm Ltzm^m^xn. x^-ft 

[0 0 06] flfc6\ Stiff 1 0-27 0 97 9#&fRK 
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1 9**flBK5fl.TV^. idTii, 4^2 17 
<?5eNS-^ yf-/yxi\ ±M2 1 6RX/TM2 1 8^ 
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mwcLx^Mm^mmTifim^h. iOPissg 



[0019] *^^ffio^s^^HTi±. mtim 1 & 
tf/a fctam 2 toffiitiiWtofjf EH 1 , H 2 ^KltJl^ 

mmt. m4 ^mmmfm 3 ^im^m^mm 
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ttz, -nfaAb^mttimixM , -nmb^m 
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fom^zm^titzmm 3 , 4 1 , MitJi 3 , 4«w 

[0 0 2 5] _hfB5CItJl3 , 4ifiSS&ZtvZ\*&EMM 
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m 3 , 4 > osmh»^ s 2 1 Lst fc # , *nmmxn 

S 2 /S 1 #'l fc3*UO*£. -f&fcfc, ffi»?2<75ffi 
tJMHfcW£RItJi3, 4«j±ms^ 
2 t;il|g§^iT u s Hi: alii t?&K b § ttT v ^ . 
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[0027] 01 5frt>mt>fr%£ 0 fc, ±fS®gJtS 

2 / s ! # 1 jar^ift^ftfflisaBSEfw* 1 0 . 4 %itf 
mem&*mz-x% <%iz\b tfbfri . lot, ffit 

mm x 9 siisw u#s z\ t ***>*»4 . 

[00 28] J±«*^ 2(±, y|St&jfi-b5 3 >y 9X 

jEpjq&o, -e^iP-o-tr-ryxZitis. 4x10? 

kg/ (m* ■ s) T'feSo £W*72(i, ^EPP^ft 
[0 0 29] J±mS^ 2«. X Y U 77««^t 

i, o wv^utuf, j±m«^2tt. fti««ff^*t 

!>» J±m«^2O^ftL^-^0^ffi2a, 2bC 

(±, asms 7, 8^'ffM$fiTv^ 0 asms 7, s 
j&^^mEE^ epjirr s ^tiz^K) s.mm^- 2 2 

a, 2 bfc^S^inifc-fS^^-b'TffiiJrfS. -f& 
^ J±€S^2(±. W[JffiUcM*K3l 

wmizm&zti&j; 0 izBrnm* 1 nrnxm-m 

89, 1 0^'ffM$trO^ o mr?9&9, 1 Oti. £E 

m^mT 1 comtztfT*%< . mm?$>&Qffim 5 , 

6 <?>mmm 5a, 6 a £M4 i 3 fcJ&j£S*UO*4 . 

t^t.T'jyf Eggas^fc:, s^ms 9,io 

ffl tT^t^ffl^rs £ t #*Tfs 5 . RIf Ji 3 , 4 
ti, *HJfefiJT-(±, fHHM y\?-¥>Xfr 1 . 8 7X1 
0 s k g/ ( m 2 ■ s ) X'foZ>^*^m^lz£ 9Sfi£§ 
tLT^I> 0 f*MPW5, 6 {4, ^myb°-?> 
X#3. 4X1 O'kg/ (mi - s) "C*£-fe5 5 -y ? 

[0030] ji§^-^^wfflt^j±m*ss^(±. s 



2a, 2btfeV^TS^-fS>Ifc>6 i 'T'#^V\ 
[00 3 1 ] *HSfiMTi±, , 4&tf£JWf 

5, 6t^TtSfc«>. ^S^-K^iJfflL/iJ±m^2 

-fS;h/& i '^t§iiTV^ 0 H2— H5^# 

[00 32 ] J±€Si 1 2O^§L 1 = 0. 9 8mm, ft 
S?JH^iiF 1 = 2MHz. RWM3, 4«S§L 2 = 
0. 25mm. ffif§gPW5, 6c?)4%£ = 0. 4mmi;L 

[0033] ®2frt>wt>fr%£oiz^ $mm5, 6 

2^4±^#tttiJS^ J f^l>C:t*<fmi5W5, 6& 

2<?mm-i y^~¥>xz l ± o i>t£< , 
M5, eco^iP^ytr-^y^Za iOfcffiv^*. r 

St* 3, 4t«^W5, 6bC0^A, BlZtSWB. 

mm?2frMmLx § /ijufj^RS^jfi, wmtmn 
[0034] *wmm^i. i±mm=F- 1 ^usstifi 

*$&iixmm?tmmLtzbc\b. ±ia^j;at;, ® 

1 , fl 2 CDUMM 3 , 4 CO^WJ y Z 2 , 

ffiBff 2 ^W#>f y h-fyx z ! sv'ffi^M 5 , 

hmm b nmzvmmtt 5 , 6 ^comvm^- 2^^ com 

M4RT/M 5 zmii-o^mmzmMitzm^xm 

[ 0 0 3 5 ] H4 (4, Tta<7){±#T"j±€4±s^ 1 m& 
LizM&<?)4 y^-f'yx-mmm\mxf\m-mwL 
wm^-t, ^a, mmmm-mmmm, mm 

H5««$fiat/'ffi$i^NE + On(i;. NXl 0 n T"fel> 
£fc£iSU WitTl E + 02til x 1 0 2 T"fel> o 
[0036] WMMk^l^im 
®&nMT2 - W§4 y\f~yyxZ l = 3. 4X10^ 
kg/ (m 2 ■ s ) X*fcZ>i-?ymti%-t7$ v9X\,Z 
iOSjS. SS^SL 1 = 4 1 2mm, 4±ffflM& 
5. 4MHz 

®RStM3, 4 ---tin yb 0 -^"yxz 2 = 1 . 8 7X 

1 O^kg/ (mi ■ s ) COX^yfJIiifcj; ^ 
§^t5£L 2 = 0. 0 7 mm 

®f*l#gPW5, 6 -#S-f yt-mz 3 = 3. 4X 
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1 0 7 kg/ (m2 ■ s ) <7Jf-9>m$u^=> i yfXlZ 
iOSfiL IMSL 3 = 300mm 

f»li2 0 0mmJ:Lft. 

[ 0 0 3 7 ] 4 fc, ±li£M£MT 1 £03 t^rf J; a 
^ 2«THfcSS 1 1 «±Hfc«dS»£Mtf&U)t 

*v)sr?s£ m-rs i a twmttfs*fj 1 2 
[0038] it, mmmmm 1211 ±iE5^?ms 

9, 1 OfcSSl U«til 3, 1 4 i; LTfc 

0 , mnm? 2 avHtf 1 3 , 4 tawing *pj 1 2 

[ 0 0 3 9 ] S« 1 1 fcggg3iT.*:&0)ffitt£Si? 1 tf) 
[ 0 0 4 0 ] 04 i 05 £JtimtffHJtej&»&«I: a fc. 

mm^m^ 1 g#=^«f#ttfc ,1111 tsssii 

[0 04 1 ] 01-05^BJ^& £ }; at. 

1 Tli . HiJjgW t LT^I±m«^ 2 coMftKIf /t 

3 , 4 2rt£H\ KftfJf 3 , 4 ^MltffiftgW 5 , 6 £ 

as&t ixittj; s±mm^- 2 o«» sr wtf h 

■fi, fMfc LTt»jg»f2 l<0Mffit«fW2 
1 OStftMEJ-f $5flS J: 5 izmiM 2 2,2 3 #3 

iss^iTfc o , m.mm 22,23 ^mwxmw 2 
4, 2 5&ji*gLfcflUitffls-rs. -hie^ 

Sl&iTO 2 1 y t z j sv'SSSPM 2 

4, 2 5CDW9A >¥~?yZZ 3 Z;*)i>/bZ<'t&Z. 

mzfm^th^tts:<\mmM2A, 2 5\,z^x 
[0042] -rsfc^ _htei«i-m, wmmtt i 

2 1 . KMM2 2 , 2 32ltXftj#as*f2 4 , 2 3<T>A V 

yxmz, ~z 3 i:fBPI«*Wc RS 0 

±IESffiMfc I^St, Sftf« 2 2, 2 3 . ffiMEW 2 
4, 2 5fc^HtfcUTfEMtT^tSKl^Rftf§^ 

sit frx^&cox\ mmmm2 1 towmft tra® 

$tcl i><v?ii&\ -fftb-h. mmt2 l k IX 



[ 0 0 4 3 ] £tz. KMM2 2,2 3 &«t-|>»4S. 

vu&m® 24,25 ^fiijjtts *mtov ^-c *> mzm 
mmtz-tm o ffm^ws^ i> - 1 s . 

[0044] ±IEJ±€*S^ 1 tfe^ 

*H7avH8t^t. z\,ixn. &mm^2£m$ii- 
mzM*m%t>it. wen yv-yyxZiVimfcz 
mmm (%> &wt^«^^ (%) ^iigL/i. 

[004 5 ] 07SV'08^tBJ^^5t, ^#^y 
t r-^y^ Jt z 2 /z ! ^' 0 . ffiKO, m 

Tfctsv^-c, ssM^so^^'o. 2%mrt#^ 
£/hs<o. lmr-cfi, 0. oi%mrtffiv^fc^' 

-^'yXJtZa/Zi^'O. 2JilTT-l 5%filT, 0. 
1 JilTT"- 8 %JiLT t ^ !> ; i: . 

Zj/Zitt, 0. J; , 9*ftL<ii0. llilTt 

§ix§. ifc, Kit* 3, 4at/ffij# 

y*itz 2 /z s m*m^. mmtzE&jmrw 
mm&m (%) avtt?wwBww (%) *s»sl 

fc. ^^09^01 ot^t. 
[0 04 7] 09^01 0A»feBB6*^«tat, ^* 
yb-^>xjtz 2 /z 3 &0. 2J3lTfc-fS;f:t:i: 
0. S«Mt$* { 0. 2%JilT. i:bWI^-7%Iil 
T. §bt0. mTfc-t^fcKJOO. 05%lil 

T , #%M>b-^>xibZ 2 /Z 3 (±, if^L<(i, 
0. 2OT. b0if4L<(iO. lJilTi:S*t4. 
[0048] £fz, WS>f yf-^y^jtZj/ZiSSE 

*^fflgt>t 0 IS*&01 1SWM1 2^-f . 01 1 

y b-^'>xffi^^i,^*^ie^i> ; fc^ 
t i 0 » yb-^yxz 2 ^'##^ yb-ryx 

ZiOl/l 2 8^A>fiEOtEHT«§ilT^I> 0 
[ 0 0 4 9 ] Sris, 0 1 l S.V'0 1 2 tfeftSlfffiii. 

a. mv*^tL«f, mwsmtbLxn&nm^izma 
mztmtm^nmxfo&v 

[00 50 ] 01 lRXfffll 2frt>tyt>fr%£oliZ^ # 
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wjye-yyxifcZi/z^z^z'bZK 1/3 2m 

T, £*)#tL<m/6 4]&T<rtite. KMM3, 4 

1/3 2OT, J:0ff*t<Jil/'6 4OTi:'t4ii: 
[0051] i> o i: i> . HI 1 M/'H 1 2*»^BHt*^ 

<z>&§ ^ife&* a / 4 sv^^ififi^i-^ tti . i±m^m 

[0 0 52] it, _hta^lt*3 , 4«9ff#fcjgt6dR^ 
i: £ . mm 3 , 4<7)J; D 
JStW^t^^IH^, ISIflSrHl 3&tf 14fc*il 
mSr^-fo fi^T, Ell lHai4 7^0Ji^&J;o 
t, L<(4. KMM3, 4^§^ffi(±n • A/4 + 

(A/8) (niMfft) <0«fflfcS*U J9#4L< 

[0 0 5 3] -t&^^K J±«S7-6 2^KItM6 5, 6 
6^BfS£iXTl'>l>ffiOffiflS 1 b „ HItJl6 5 , 66 

outfit 6 2 tix i ^a&froifflt s 2 1 im 

[0 0 54] Hi 6 ( a) , (b) {4, *fMHWffi2<0 

HHav'gPM^WHHT-feS. ffi«£»3 1(4. 
X h U -y S V ^4^#«OEm«^ 3 2 £ *ff & . 
J±€i^3 2(4. l^-F0 6fM££fflfflLtl±mS 
T Xfo h . *i»J^J±€£» 3 1(4. limi^ 2 ^ 

2 ^iJ®-fl.^toomS«ii^M*^TV^ d t £Bf^ 
T(4. m 1 oill»J±it£» 1 fc ^8t(;ffi)£§lxT 

[0 0 5 5] JimiSi 1 3 2(4, *HJfifijT14, fPSM V 
h-^>Xfl2. 6xl0^kg/(m 2 - s)«f^y 

[0 0 56] J±mS^3 2T"(4. ^$^-F^6fg$<£ 

mmthtzmz^ j±mm^3 2(rmmm^zmt/6 6 
tmmmmm3 2 a— 3 2 f jwbj$s*vo^. w^#t 
itiif. asms 3 2 a -2 3 f ^sjg^ffiwi*^ 

4^" S i 0 fc, M»1 3 2 a-3 2 f #£^K¥frfc 
^oJ±mft®^3 2^fKffi^r^W4g-fSJ;5fc^ 
SfcX^S. 5JI^J±miii4. 

[0 0 57] 2a, 32c, 32e timW 

tsMstn, =t a s^ms3 7^j±m*»3 1 Co 

±HtffM§tlTUl> 0 £M£MT3 1«TH(;(4. £ 



^m®3 0 . W\WMM3 2 b , 3 2 

d, 32 f tmMWt;gM§^lT^I> 0 
[0 0 58] iJigmS3 2b, 3 2d, 3 2ft 

Sg?«S3 7 ttom^ieH^HI»^A6C »»33 
2b, 3 2d, 32ff)±Sfcfi. l6SttWS3 9a- 

3 9c^##§tLT^s„ mmz. asms3 2a, 3 

2c, 3 2 e fc Sg?«S 3 8 b (DV^ff^m^M^rttl 
ftfc. IMS 3 2a, 32c, 32e OTSt(4l6S 
ttWB3 9 d—3 9fffSMZtlX\i&. 
[00 59 ] mtM3 3, 3 4(4, J±€fS^3 2t0^§ 

/Zi = l/1 6fc=5r5x^df^1SJi|tj:0m§fLT 
^6. KWJ13 3, 3 4 0WIt(4. fNBHyt-^y 
xibz 2 /z 3 = l / 1 6 b & I f - ? yly/^ y|g$ti^ 
■fe^S -/7X/j^^SfmgP«3 5 , 3 6^31IS§^iT 

[00 60 ] ^rfc. S^mS3 7 , 3 8(4. JimftSi 1 
3 1 coMlo] t^aSSgffi. -t^^^ffi^gP«3 5,3 6^) 
9Wmm3 5 a , 3 6 a tMS J: 5 IZffi&ZtlX^l. 

*mmmzti^x t . 33,34 svfmiiw 3 

5,36 ^#|lTfflff^«{4J±«S^ 3 2 £ |hF — t § tlT ^ 
So lot, J±«^*|^3 1(4, aattt<97$K£:rf 

o 

[0061] m2<?>mM?>£. ? c ix<v 

J±m«^ 3 2 (4^§ HcoflfiHJfeS-f Offl t c?)f *> 
o-ctiv^ J±«^*l^3 io^yb-^>x-jg^ 
^ttav'fiffl-ia^MfttSrHl 8bZ7&t. ttz. Hi 
7tiSti J±€*»3 1 ^g|gS^4 l±tW 
€ffif«^J4 2 , 4 3 £fflvvc, Jf^- ■ HSL^f^O^ 

y h y x - Jwl^ic^ttSVYiffl - JUMS^tt^ H 1 

9t^-r. HI 8St/Ml 9tfc^T. SH^f4ffl-Ja 
[00 62 ] Hi 8Rtf\Ml 9<7)tmfrt>mt>fr%£ 0 

si? (^^^jE^ft»3 1^*) ?xmt. mm 

K4 1 t^g§ixtfl^#lt^'(5 b ^ ^ ^ b 
[0 0 63] lot, m2<7)HJtMtfcV^t, fmii 

M3 5 , 3 6 ttsv^T . j±€*s^ 3 1 mmmmm 
Ltz bLxh, mmi- 3 2 ^mmmza b ^ bmm 

[oo64]^^.H2o izmmmmx^i-i; o iz . 
li^ffi^fts^ 3 1 51, 5 2 £^ t 

Tg-^-L, mm&5 3±.$:mMlXi>^\ H2 0t 

s^tflfitrti. 2o^j±m*s^ 3 1,31 
2o^ffi«it^3ip^€mewf^(4, 

fit 5 3 ±(;ffM§^lt y 5 4 a- 5 4 d i 
^omz^fih. £tz. ^SS5 3±(;(4. 
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31,31 mmi, ipo&±i-& 4 o ^mmmmm 

4 /L-^^O 4 5 fc*f^fc«l>S!^WftfMg(4, 

j±€*» fc'frc^r < , 7 4 1 1 mmth z\ t &•? 

[ 0 0 6 5 ] 02 1 (4, *^BJ^m3<7)^JtM^SJ± 

m*iH^-ti«iHT'*«.„ j±m*®^6 its. a* 

^^-K£fflfflUdBtS^6 2£^fl> 0 EH!! 
^6 2(4, *HJt^JT14, J±m-fe5S'y^Xj&^^SSg 

S^S6 4^'ffM$tLT^I>o J±m«^6 2(4. -t<Z>£ 
S^t^S^a§ilT^S 0 »»36 3, 6 4^ 
3cSiE«ffi& Epjirf 5 £ 1 4 0 , WMM^- 6 2 £W^"f 

[ 0 0 6 6 ] £35 , t£*OJf ^"f < 9 K Srf'im Lfc 
x*;l^-ffltS#>S«9jEE^Si?2 0 1 (044# 
M) tim^n. J±€S^6 2T14, ±fflaVTH^ 
ffitS)®€S 6 3,64 tffi&ZtlX l^.f^t.E 

iff 6 2(4, x.^)v^~mtm>m^m,m^x\± 

[0067] i, o 1 1 , E«*^ 6 2 ^S^riajptfilt 

(4, n 1 cohwj t wm&sm 6 5,66 

#6 7, 6 8*BttS$*l.TV^. KMM6 5, 6 

6?)Ji^, ^^^J±«3I^6 2 HSHSPM67, 68 
t r&J^£(4, im IX & H?»£ A t 

3, 64(4, Sffp1W66 9, 7 0 fcSfa6;ft."0^ . ffi 
? 7 0, 6 9 (4, 6 2 OSffi, -ffrfcfc 

fXME«6 7, 6 8^ISI6 7a, 6 8a£M4.fc 

[00 68] *HJi6MOj±m*Si 1 6 1 T14, EmU^ 
6 2(4, x*/Mf tatoSTl45rV ^\ MStJf 6 
5, 6 6Mm#iTO6 7, 6 8^miOMSMi:|a|# 

[0 0 69] -f&fc^ J±m*^ 6 2fOKIt/l6 5 , 6 
6^aiS$ilTV^HOH^S 1 1 , KWM6 5,66 
OjimiSi 1 6 2 fc}g£SilTV^a^Offi3tS 2 h(4^ 
L<3*lT^6. W^J&i.*llf, S 2 /Si(41 t^tlX 

[0070] ttz. 6 2 <z>^Nff>f y t-rxx 

fflZi t , KItJf6 5 , 6 6t0^iH >-b°-^>XffiZ 2 
k , ffif§gP«6 7 , 6 8(V^W4 y¥-¥>xmz 3 tf 

m i commm t mmtzm&tix ^ s , urn*? 6 2 

a^^fifcfcffi L^«J(4, KftJl6 5 , 6 6 fc« 

SJfiW i: ^]ft W*f§§P« 6 7, 6 8 iz 4 9 WOTfcSS 
Lfcfc LTt>, JimSH 1 6 2 Oft® ft ft fc(4 t ^ i: 1*3 

t t , *mimmz - t t 4 9 , ms 



[00 7 1 ] "f^^, 5 , 6 6tOJ¥^ {Mk 

bl^m^^z&o^m) (4A/4g^T"4V^ft, 
fi£5fKOX*;l^-fflt3^^)EE«Siii 1 2 0 1 ^)4 3 

7, 6 8(4, ^cosm^m^e lffy^^mzmo^m 

im^ZsbZ < X 4 < , ±fERI«£l»f Mt-C'4 
J±€*S^6 1(4, i±€ftS^2 0 KTO 

[00 72 ] *H»M^J±1t£» 6 1 OjH^iM^tt, 
MtX(;H2 2fc^ti 3 (C^gS« 7 l±(;l±m£» 

6 1 ^ wi4®#fj7 2,73 zm^xmmLtzwa?, 
(j>f yv-yyx-mmcm* , sn(4fiffl-jn^ 

tttt^TSL, 02 3T14HIIM17 1 tl^S^iit^ 
t#tt^§ iiT V > S 3&« , ^^fitOff ft (3 1 ^ if A> 

EfcLTt0j±mft«i 1 to^-r(4, Hl-^30MtM 

ix^smm^mm^-vrnm^mw 
[oo73]024(4, ^m^zmm^mmmmw 
t Lxcomm^m^comm^i-^mmmmx$) 

fijffl Lfc3©B8rtfcz>£M*7- 8 2 v . JEE 

8 2 <7)_hffi&VTffit(4, BEtff8 2 %-flLX 

n^\-tix-Azmmmm8 3, 8 4&Btftztix^i. 

EMMT 8 2 C0±HatTFH(-(4 , KftfJl 8 5, 8 6 * 
tfLTfiy#8ff#J:LT<9-fe5$-y?«8 7, 8 8^1 

Ztix v ^ . i /i, iiJgms 8 3,84 (;€MW(;fS^ 

$n^SS&?ttfii8 9,90 *^iimj±t|*»8 1 £0 
[0074] 2<7)4 5 t, Jf^SMrt- K 

ijffl l .^ffm^s: xmuztsmwrnwi: ixm 

^Tt4V\ ifc, J±m*»8 104atJ±m^i i 8 
20±Tt^lt^8 3, 8 4&V'fmiiW8 7, 8 8& 

[00 7 5 ] 02 5(^^^^9 104 

^9 2(4, ilS€S9 3, 9 4(;JD^T, J±€S^9 2 

wzxmztvfcft®nm9 5 , 9 6&^rts. 

W^-SSiJ^Siffl^^ f Offl t fc£E«^ 9 2 
TV^. J±€3S^9 2^±TO4, i±€*S^8 1 
«t , mm 8 3,84 87,88 ffWM 

[ o o 7 6 ] ifc. *^(;feit5^W4SljgM(; 
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5. 

[0 0 77] -t^hh. 02 6 ( a ) - ( c ) l/Z&tE. 

m^m^-i 01-10 3<oioiz. 1fjfoAbl3MBb& 

tlX\^XhX\i\ SrtS, 026 (a) - (c) (i, Wf 

tit Jisstt^wffl ucj±m**Fc& o , #j±ms^ 

1 0 1 a , 101b, 101c -Hiefu ta^^Ep^r 

mz^mm^tlX^l, 104a(iEIML 1 

0 4b(±fmgp«^^ o 

[0078] 02 6 ( a ) - ( c ) fc^-f ffTOf 1 
0 1 — 10 3T"(4. ffitSl^ 1 0 1 a— 1 0 1 c<7)TH 

*CTiit;iiis§tii>HT"fe o . mTmommits^ 

Lfzk^., miMl 04a, 1 0 4b<7)ffilif 1 0 1 

a-ioi c izm^tixi^immz&tf&m^mM 

[0 0 79] -f Srfcfe, ^WmzH^Xli, 

f/fL/SlSS^02 7^-fo 02 7T14. WMWtttL 
X, yb-^VXfiZi^'3 . OxiO'kg/ 

(m 2 ■ s ) ^fM-fe^S-y 9, gSL^tf 

0. 98mm, 4*^JIJ»^2MH zT'&S^*:- 
H *f Ifffl LfcJEElB*^ 1 0 6 3&qft£§*m>4. ^Off 
H3)f? 1 0 6?)fliJH^ £«*F1 0 6<7)ffi 

«J«*r6]tMLTlt3St-|>*[6]{;RItl 10 7, 10 
8 miW 3 fro ^ £ . J±«S^ 1 0 6 OflffiOffiH S ! 
(±0. 2 9 4mm 2 f'fe-i)o RItll 0 7, 1 0 811. 
^S^f yh°-^>XflZ 2 ^'l . 87xi0 6 kg/(m 

2 ■ s ) , JJJfc (fftffl 0 6 fcRStJi 10 7, 10 

8 fc o^H^^KMii 107, io s^Kmrnm^s. 

ill 0 7, 1 0 8Oj±t*^l 0 6tjH£§irO^S5 
^OflSB^tiO. 084mm 2 fcSfTO^. &&ffit 

10 9, l l Oii. yt-mz 3 = 3. ox 
io 7 kg/ (m 2 ■ s) (D^fyW.'Jjv^yWMu^v 
5 -y ? X*^=5r 0 , _hlE5clf Jl 1 0 7, 1 08 fciHSS 

*VO*4. 

[0 0 80] 02 7^HJ!^%±.5fc, J±m^«^l 

o 5tfcu-ct, unmmi 09, 1 1 otcjifc/^irsi 

Mi^Jll roi£Ufc02 6 (a) - 
(c ) fcSLfcj±m£»l 0 1-1 0 3KiSWC£3g 

■ffc&frvo^. 

[ 0 0 8 1 ] ttz. 02 8 ( a ) , (b ) izwmmzvi 

tsm^m^ 111, ii2«±ac, jj^smj^- 

h^fiJfflL^nmSH 1 1 l 1 a, 112 atOWSJf^T 

ft (^EPT-^sti-o^s^ftfcW) tiss-ri.^ 
fat^lfJl 1 1 3 , 1 i4£imixi> &is. 0 



28(b) tzj&tmmm? 1 1 2 aii^ms^*^i» 
wm^m^mm^m Ltz^mmm^xh & . 

[0082] 02 8 (a) , (b) If^SSfllS: 

fML^ffitst^i iia, 112 atoMtit. Jims 
fiiia, 11 2&i t z&tfhmm\mijfotm3tf-h 
mzmmmi 13,1 lAmm^tixv^h, ttz, 

mm 113, 114 ftj±Wk^- 1 l l a , l l 2 a b 

tt&ztix^&wbi3.Rttme>mz. immwi 1 5, 
1 1 6#aa&s*ro*4. 

[ 0 0 8 3 ] $ *f^fc«l>S^ffiMg^T 

a. 02 9^-ri±€fts^i 1 koxoiz. wmrn® 
&&n&wmm.i3fttwmm\ l z&ft%mm&mifa 

b tm£ l , **oii»SP*f is it § »6«ft t mi 

mizm&WMmmiifomjTfo^xii urns 

jg?l 1 7Ttt J±€Sff 1 1 7 a^ffli^^L-CV^. 
ffi«*?l 1 7 ai±, Jim-t^S 'y^XOM±ffitl)ig 
«S118, 1 1 9*B!8LLt:ffimttL. 02 9fcfc 

fti>aM-air*ft^^«ii§tiT^i> 0 m-ox. i± 
ms^i 1 7ati jf^mwt-wofflL^Et; 
st^c**. ^ot^i 1 7 acomizmmi 1 

3,11 4&tffilftg&tt 115, 11 6#St*S3*ro> 

So 

[0 084] 02 6-02 9^.^^03 1 (a)- 
(c) A»6BHt*«Sriat:, »g(5W 

^»^i*ft k . nwmtizti mwstofcmfito t . 
mmzmmmmiifokim*%mmzm$ii-& 

z k , v yffKD^z h , _B£ t fc#P>f y t - 
z ! -z 3 **_hlE1SS«oB8flS* jftfrtlR 0 . fff 1 e> 

mmtmmz, Emmwmtmtzmzs-x. t ^ 

[008 5 ] ifc, JEm^m^f Jffl L^fttico 

^m^y a )V9 , Mi.imffi^at ^mmth z. k 
m:%%>. 030(4. *mi\zm®&ttmmm<n 
m4commmk Lx^mm^im^-^-r^mmxh 
So Hffi^ftS^ 1 2 ltft sgw^ojimsKi 2 

1?" — (IDT) 1 23, 1 2 4^M£fEf§?jftfcfc^ 
TPlT^tlTffig§flTV^ 0 -efO J±€Kl2 2tO 
SHftfefll^r^HBIt. Hi , %2ayWMm 12 5,1 
2 6^^-§tlTfe 0 % Jxifjl 1 2 5, 1 2 6 ^HBIt; 
-b7S>y^«D&^5rSffi^SPWl 2 7, 1 2 8^'}1IS§ 
t!T^I. 0 iiTfi. £E«R1 2 2«#m yh-^> 
xffiZi , mm 1 2 5, 1 26 w^ff>f y t°-r yx 
f6z 2 &v'«!fgEW 1 2 7, 1 2 8to^m yb-^"y 

*z 3 tm i commmk mmzwaztixs o . smjt 

Sa/Sj = 1 T"feli^T'\ RftfJl 1 2 5, 1 2 6^)ffi|# 
1 2 7 , 1 2 8 t tO^ffiT-Uffi^^HW Sil, Hffi 
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zm&z tares &. 

[0086] 03 1 (a)-(c) t^fj±m£» 1 
3 1-1 3 3(4, •ftim. ®»^«<7)®Mu^r[tiA 

[0087] ffit^g^ 1 3 1 T(4, ii^-r^ 9 * - K 
£ fflffl L£ J±t«^ 1 3 4 ttTC US . i £ X' 
(4. J±m^l 3 4(4. H^O^EP^t*SMa§tL 
Tfc 0 . 1 3 5, 1 36 L. »^ft2rfr 

tofc&o. limits 1 3 4izt5rt&nmimi]\inBte 
Mmmmi35, i3bbmi%-i5$\b^tixu&„ z 

iltdtfLTKItJll 3 7, 1 3 8(4, ffitSm 3 4^ 
TffitiSSSfiTfe 0 . fSKItJf 1 3 7, 1 3 8£iStt 
f^ffitfPH 1 1 3 4 tii(tl>litW«>fa 
fcB£S*UO^. {SSOTl 3 9 a, 1 3 9 b(4. K 
MM 1 3 7, 1 38^J±€S^1 34hjife$tlTU-g. 

ffi RMMcom^m^ tix \ ^ . 

[ 0 0 8 8 ] 03 1 (b) T14. fitfWf 1 4 0 
6*TC & 0 . SffifipSW 1 4 0 (40 3 1 ( a ) ^)ffi^g(5 

tfi39a, 139b £ass u itzmmm^ 
t o o 8 9 ] i a sitJi^Hi^iatt^nsft 

[ 0 0 9 0 ] 03 1 ( c ) tZjfrtEM&WFFl 3 3X14 
BfrMtinm$:M%ltz]±nm=F l 4 l tffflv^frcn 
S. fWto^:ot^li 03 1 (a) t^Lfcffi* 

[0091] ±^LT#3tJ: at. *muz&&m-&ti 
fmtmwxn, wmmttx. m^^ms^-v^ 

fu-r, v^M^mT^m^xhx^. s&t, mtn 

IJjgMoHJjgfftf bbxm^hZbtK'Sh. 

[00921 tfz. ^wmz&^x, mmmm, mm 

MlzmfeZivb^. Mi(4. 032 (a) , (b) , 
( c ) M/03 3 ± a t. MMS&Sm^fflU 

«t s z b frx # § . 
[oo93]032 (a) ^tm^mmmmmx- 

(4. m 1 , JS20S1M1 5 1,15 2^HWM 1 5 
3£tfLTj£S££;h.T$5 9, mi, S52<9fa»at*f 1 5 
1,15 2 O^hfltSftfil 1 5 4, 1 5 5RV&¥rm 

m 1 5 6 , 157 tfasssfro^ . z zxn, mm 
155,1 5 6&*miiztsvz>mi , m2comm^ 
immw 1 5 6 , 157 &*muzt3v&m 

1, 3&2^ffi#g|5#£fiJftb t O^. -if LT. m, n 



2 OJiSliJW 15 1, 15 2 #RftJf 1 5 3 T'jigsLT 
u£ft}i£. *^t^(tl>^»4S»)gMoi^c?) 

wffiffittwmt&zb&x'Zi>. ttz, mi, m2<o 

mmtl51, 1 5 2(4, KttJll 5 3£^LT}S£ 

$tixv^<?)x\ mi^mm^m^mmi 5 3fit 
feit Ltaii sftfji 1 5 3 bm2<7Mmmtti 5 2 

1 5 3fll(cfeff Uc!gftJi4. SftfJl 1 5 3 fc H 1 ffyms 

mi 5 1 bcomx-mn$tiz>, 
[ 0 0 9 4 ] 03 2 ( b ) iz^m^ttmmwmw^ 
(4. mmtti 6 l^Mdtmi , %2e>mm\ e 

2,163 ^jilg^tlTfe 0 . m 1 , %2<7)WMm 1 6 

2 , 16 3 cO^ffiJfcf&ifgW 1 6 4, 1 6 5 #3983*1. 

flfifCfcS. H&l>fc^t4. ®20fmgPWl 6 5C0 
JUits ^ 3 ORStJI 1 6 6 . H 2 OffiftiiW 167, 
114 CDKttJI 16 8. &LS'm 3 tOfmgPW 169ffZ.(?) 

nmxmM £tixv^z\bizfo&, z z Ti4 . m 2 0^ 

Ujgffl 1 6 9 EltJl 1 6 6, 1 6 8 b 

IS« 1 6 5, 1 6 9 fcolMSfc i DMWS^S . "f 

n 1 ^»feM^^W4»ga& 2 ram 

[ 0 0 9 5 ] 0 3 3 (^^^W^ffiKlga 1 7 1 T 
(4. ®l^^Mtl^«tt"Cffifi£§^a^w™» 
HM1 72, 1 7 3^\ RMmi 7 4%-frLXm£$tL 

[0 0 9 6 ] i/i. 032 (c) IZ^-fXolZ. »gp 

si8i comwizmm 1 s 2 , 1 s 3 awu 1 

8 4, 1 85 L -fcflS 5t«$ t#f£JtiW 1 8 
4,185 ^hfflt. mm 186, 187, ffi^M 

188,1 8 9£3£&LTi>J:^. 

[OO97]034(4, *^BJ<7)§ A,tffi«HSfiM«0lS 

3m?z^iWBM'e*>&. j±mft«^3o K4, mm 

3ttb LXcom &m 0 ^e- K ^fOffl L/iJ±€S^3 0 2 
b . l±m^3 0 2^-Stiife$ii^Wl3 0 3 

t . Ksti 303 mimzm^tifztmwm3 o a t 

[0098] EISf3 0 2(4. J±m#:3 0 2 a^t 
h. Jimfr 3 0 2 a(4. X h u -/T^mm^L. M 

zijWzftwmztix:^&. J±wib3 o 2 &co±m%. 
wTHt(4. mmmm 302b, 302c nm^tix 

^5 . 1)S€S3 0 2 b, 3 02 c St^cSiittffi^ EtttD 

■r £ ; fc t i >9 , s.mm^- 302 \m&m 0 ^- k t-s 

[00 99 ] ffi*. Sl«mS3 0 2b, 30 2 c til^ 
Siat, 5ltii€S3 0 2d, 3 02e*\ KWiM30 

3Rmmmw3 0 a <n±mmrm£Mh ± a (;jfm 
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[0100] *HfflSMtiiV^T t . MltJl 3 03 #j£|g 

§fLrv^£E«s^3 0 2«SH3 0 2 f?mm* 

OTf3 0 3OEl3it^3 0 2fcg$S£:frO^ 
ffitOfSMM«£S 2 hL/ifc§. Ss/Sjj&U tZtlX 
Ul> 0 -T&fc^ J±€S^3 0 2^fKffHB«fc. Hit 

mm^n^mms 0 3<7)i±nm=F3 o 2«ss§;?x 

3 0 2(4. ^ylliiaMr^S 'y^s&^&O, 

»>f ytr-^y^Ziii3. 4 x i o^k %/ (m 2 ■ 

s ) 

[oioilffl^ RMJ13 o 3(4. urtK yb-ry 

. 87X 1 0 6 kg/ (m 2 ■ s ) T&fcXsJMfj' 
ffiJlfciOfllJitSfvO^. Eft§IW3 0 4(4. 
WSK yb°-^"yx^'3 . 4xio'kg/( m 2 ■ s ) 

[0102] ^mmmcosM^m^-s o i fcfcwt. e 
ms^3 o 2^§-f^fe^»^waa^s- o . 

7 5mm, £^JS?&8C&4. OMHz. 0 
J¥^^i9feEm*^3 0 2«O^S*|6F{^o^aS- 
0. 08mm. f&£rfPtf3 0 4C0JI5 Sr 0 . 04mmfc 
L. ±fEE«*»3 0 1 0^fi«FJ*lT|5M*^T-« 

[0 1 0 3] 03 53&»tBHt*«5rJ:-5t:, ftSr**f3 0 

4t;mva4^^m^£iyo^:v\ e 

HSff 3 0 2^jgfifttt;»#^i.5ii:=Sr<«»ai 
«3 0 4 fcfijffl 0 1 ££#Lft4 i t 

SfJf3 0 3t£^TE«*?3 0 2#»&*atl/t#fcii 
»#&Sf3*U ffi^iiW3 0 4«4(3fc^'»«§ 

[0104] *mimtpt>h wt>fr%£ o t;. 

i^T(4. KIt/IM££fi5W4. «»i5WO-miJt 
[0 1 0 5] 03 6(4. ±IEOi:M;L-rtM§lx/d± 

mss^^ y v-yyx-mmmm.vw&-m. 

mm&fFt. Srfc, HH*Myh-^yx-JflM«# 
tt£. M^fiffl-JaMmtt£5cf„ 03 6^ 
E + On(4. 1 x 1 O n T*Sif: 

mm, i. e + 02(4. ixio 2 ti)S;^* 

[0106] ±IEE€£» 3 0 1 T"(4. J¥»ff 0 ^E- 
^^fiJfflL^J±m»^3 0 2^'IStt^ixTl^^\ 03 

7 t^-ri a ff^sigtt^- h mm Lt:mm=F 

3 1 2£m^Xh £\t\ 03 7£5ft£E*£J£?3 1 1 

ti4. m^mmm^-vmrnLtzmmm^-s 12 cor 

WltZKMM 3 1 3s&m(t£>*VCts9, &8tJl3 1 3<7)T 
H(:f£f§§W3 1 4^»Jl§^lTUl> 0 
[0107] ;o J 5 fc. J±ms^3 1 2«-MlC 
O^RMJlSW*f§gP«3 1 4^fS(t^«T"(4. MM 



[0 1 08] 038— 04 3(4. 034(^t^^tM 

mf^Ktzm^mmfmwco^mm^7rs-r, 03 s 
(a) t^tH5tti4. mmm^-vmrnitzmm 
mT3 2 2<vmi]fo-m\mzKMM3 2 3m/imm 

*MUcE«l^ 3 2 2 vt i> . ±IE^Ife^J±€ 

mtt- 30 it nm^zmm-h ,1 1 s . 

[ 0 1 0 9 ] 03 8 ( b ) (4. ^$f«- KSrfiJfflL 

^ans^EUSt^ 3 2£^rrs. t^hh. smm 
T33 2<7^^-mzmm3 3 38Xf$mmt3 

3 4j& I Rtt&*lTV^. W^^i-iliS'. 03 8 (b) [Z 
7KL£J±m£»3 3 1(4. 01 6t^L/iJ±mftS^ 

3 1 ^maMMMRUimmm^i^mmizm^ 
•ri. 

[0 110] ttl, 03 9 (a) (4. H3 7t^LfcSE 
ffl»l±€ftS^OiEMKM0T-fcl> o 03 9 ( b ) 
(4. 03 7&tf03 9 (a) fc^L£E«£»£«Ji 
S«J¥AifEmft»^!gL/iM£^\ ifc, UK 
OlllimS3 4 2 a-3 4 2 dtf-fe5 5 -y ? Jf IrtffLT 

SOE«*^3 3 2#fl|Jj£S:fra>£. 
[ 0 1 1 1 ] 03 8 ( a ) -03 9(b) (;^#Ett 

fit, E«*^tfeit-i»WEJS^r&It. R 

®m\,zmz>wm\mii$\b^ tztix^ ^itm 

[ 0 1 1 2 ] . jgiSgPt 

TV^|>^5^J^04 O&V04 1 fc^-fX 
[ 0 1 1 3 ] 04 0 ( a ) t^EmftSi 1 3 5 1 X 
(4. JIS«Kl^-^^fflfflL/-cEm^3 5 20i!£* 
(Bj-SiKcfcV^T. E€S^3 5 2 0TffitEItJl3 5 

3 j&m^ftxfc o . mmm 353 ^TMtffi^w 
3 54sWiiss^r^s. -ii^(4. mm^ztmtWi 
M\mm$\tK Ems^3 5 2tfc(ti,®»M3^& 
vwm\miifotUi£fh^$\t zKxv^^xfc^ 
x h . iMsmmt nm^z . f*i#gp« 354 ^os»jo 

feif ^K«^3 5 3T"S»^RW§-ttl>^ fc (;J; 

[ 0 1 1 4 ] 04 0 ( b ) (4. E€S^ 3 6 2^'»JIM 

oji$s»j^- k mm ifz!±m£M=rxfo ii\tm 

l^T(4. EISS^S 5 1 t|5j#tffi)3)c§ilTV^ 0 4 
fc. 04 1 ( a ) l,Z^*f £.W±M=F 3 7 1 T14. ff^S 
«)^-F^WfflL^Em3l^3 7 2^-MIMt. 
Rtfil 3 7 3&V'ffi^i5W3 7 4 j)m^ZtlXU& . ^ 
RWii3 7 3(;j;0El* : ?3 7 2 
^JMSMLT^SWHMStl. ffil#gPW3 7 4^ 
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mm^mmmm-th z t & . t tz, 04 1 

( b ) {z^tX o t, b'^Wfflttff*^ 
(4, M^SlSmS 3 92a-392d ^^SW^S 

offish 3 9 

[0115] S»)gP«OSMi*[t]tMLT. 

ffii&gpwtfeftsffiiijfes^^ne^tTfcD. sign 
Wfcfc ft l. MSJf ^rr*i t MitSfcts ft s Mat^rft 

[01161042(a) tr^-fETO^f 4 0 1 T 
(4, if^if 9*- WJfflLfcEM^4 0 2«0^5* 
lM3fc5cltJi4 0 3M'«SM4 0 4^il|g§tLT 
US. ist. 04 2 ( b ) l,Ztft)±ngzM=F4 1 1 T 
(4, Jf^lsWIlJj^fiJfflL^ffitfPH^ 1 2C0^§^[^ 
-StMW/14 1 3&tfffif#gPtf4 1 4j&*3SS£*VCU 

[0 1 1 7 J $4>fc, Sffif^W^Mi^fcgftii 

§iiTv^^Tft-5-ct>j:<, z^x o%wm<mt 

LTii, 04 3 (a)Rtf(b) ^timm^A 2 
1,431 j^W^ftS . 4 2 1 Tli. J¥» 

it o f mm Ltzw.wMk^-4 2 2 cormizt5\i 
x, %zijto-mwiz5utiM4 2 3ifimztixt5*). 

BUttM 4 2 3 ^)THtf*^gPM4 2 4 #33S§;h.T V * 
ifc, 04 3 ( b ) £^iM±m*»4 3 1 Tii. 

J¥^iliilJSrfiJfflL^J±l:4±^4 3 2tfOTffifciS^ 
^-SMffiffiKKIMN 3 3&tXfi$fg|5ft4 3 4 

[01 18]043 (a)SlA'(b) fc^rf J: 5 fe 

ttgptfos Wi*r&] i: iii&gBtf k*> ft s tswifitrfr 

3 4^L^6^Jt^ISt, Etf/foTOc X 0 . E 

9»wtj±€£» zim-th z t h . 

[0 119] 

mmmmmxn. msmmcmmizmi , w,2<nu. 
w&m&ztixm . mi. %2co£iMmcowMm 
ztix^z m t umamzm 1 , m 2 <D^mmt 
tfm&ztix& 0 . mm^m >h°-yyxmz 2 

z 3 £<oh{&<$tixti>o. mmitSt/s^nMTb 
§ tiT ui> cox\ mm t ummw t eozmtzis^x . 
mmmm^mmizimLx^tzWMtfmmmizK 

s&i, m2ofmgpwtJ:DSMW^#^ 

Sit h . 

[0120] ^wwiau 



xfflz 2 ^fjsm&^fms^o^l^ y t :~y yx 

r t ztix v ^ cox\ mm t ffi%mtb<?)ftmzi5 v > 

t^WSfiS. tot, 

is^i;^<. m&mz&^xmtttmmmmtm 

mmmf^mmwmmmm)-m^za)^ j f^tix 
^htzfo. m^mmnmm^imt^mh z t vx% 

ho 

[0121] Mmx\i. mMmumznhxmm 
Mfimmm ±me> «t 0 izm& ixmm t mmt 
t o^jfitiiv ^xmmizmm ix # /iSw^Hits^ 

h , m* 0 vmz* Kcmm^- v^mm-fi z 
m-h z k tfxz^fi^tzwm^- v mm lx , ;u 

S^o^SI^»jt^^fc -fl. i t * < SSS^i 
[0122] £fz. fig^ox^df-EHtaftSUf 

t . *ihh h m^mmmmmxn z^xo %nm 

^J±«7 ^ ;l ^ ^ffif*^l> Z k tP?% h . 
[0123] > t :-^'>X Jt Z 2 /Z J 0 . 2 & 

"FT* 5 . JSijgPtf ttJ ft S »ft^l 

^(5 /v S c: & < SI^WSfME&ffiifS^ 

>XltZ 2 /Z 3 ^0. 2iilTO*i^^ ffi^Wti 

o«Bswfc^Lfcfc LxmrnmcoMMtm^cox 
t)-m'h$<-thzktfX'Zh, 
[ o i 2 4 ] n i wi/tfzum 2 ofmsw^s? 1 , 
m 2 <oMitii*w$ i > h m t immmz .msco 

mt&z mmxmM ^tix^h^ui. xmuzm 

■fhzttfx^ho ttz, Minimum, micomi 
m. mi<^m$mm. m^mm. m2^m$mm. 
m 3 commRum 2 ^immm^zmmxm^ti 
x^hm-smmimwiz&vixh, wittot, 
m 1 , m 2 ?mm^mmmmmz§m£5-i hzk% 
<.mi, %2 ?)<m%mz x 0 mmmz^th z t 
tp?$ hcr>x\ ftm)*- k mm Liz>m<n&% 
7 4 )v?^M^jmi\mm&mit w&?%> z k 

ho 
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[0125] xmuzts^x. smmommmikoR 
m&t>wMm t \mmMt^mtxmm^ , \m § 

[01] ( a ) , (b ) (i, *I6BHWIS l <7>5lft0!fcfll 
V'«ffi0 o 

[02 ] HI ^L/ii±€*®^^»aT-»WS 

[ h 3 ] $ i emwmzfa i gmgmr&mmuzn 
[H4] mivmMMmz&mm^nmmsLiizm 
[ h 5 ] $ i conitMt^ ^ JimsfB^niiM 
[He] *miz®mittffWM$mcoimffifm. 

[07 ] m^lJfcMOEm£fBH=fcft£iliH > t° 

0, 

[08 ] m l ^JtMoffit^fB^fctfl^iH yh° 

[09 ] mimmM^im&n^z&v&iim yt° 
-^>xjtz 2 /z 3 b&mmmmmtmm^-t 

0 O 

[0 1 o ] m l ^ffi^J±«;tyi^fcftl>#iM y 

0 O 

[01 l ] S^^P^yt-^'y^oRWM^fflv^ 

[0i 3] mm^m^, t^bhsm^m^M^ 

Ho 

[01 4] swjf«w», -r**>^£E«*fi?^s* 

Ho 

[0i 5] mm^WMMMtim^tixy^m^mm 

Si ^^lt§^*l^ftS^iMlt*^st-0„ 
[01 6] U) , (b) ti, 4&m(tim2<nmmk 



[His] m2commmcoj±m^m^m^mmzm^ 

[019] ^2t0^feMOj±mft»^^^t^ 
[02 0] 2ffl^J±€ftSH^ffl^7^/L^§Kn n n fcL 
[02 1 ] *^t^l.^WflSft^tom3tOHft 

[022] m3^jfiMoj±mfts^&^ast^ 

[02 3] ^3^fflMOj±mftS^^SgSStSg 
L£«DSSf K£ Srf 0* 

[02 4 ] *^O^WftfM^^Mfc LTtO 
[02 5] ^Bflt^S^Wflffift^tOffiO^M 

=F*mwt h tz^<mmmmm . 

[02 6] (a) -(c) (i, 

0&«ffi0» 

[02 7] ^Bjffcfc^T, ^St-h'^fOfflLfcEH 

[02 8] (a) , (b) i±, *muzft~>xm&zti 
x& o . mmmm^m uzs.mm^mm^mm 

[029] ^m^^xm^tLtzm^Mmmm^m 
x% x . mmt t ixm&fa tti^- v zmm itz 

[030] ^mmm^mmimmcomcomm 
t Lx^mm^^mr^tw-mmxht. 
[03i] ( a ) - ( c > ti, ^mm&M^mm 

ffimfts^*^^0B^iirH0 o 

[03 2] ( a ) - ( c ) fct *f§BJfc«|,lI^ffffiI 

[033] m. m2<nmmmtt:irt&*mim?> 

[03 4 ] *^0J!om4^tM^I>^»4S»)g 
Mo$«M0 o 

[03 5 ] m3 4^7 S kLtzm^mmmm.w^zm^ 
wmmmxmmtifz^ii^m^tm^mwmmm. 

[03 6] ®4c?)||ffeMoJ±€fti&?^^ yt-/yx 

[03 7 ] m4^HffeMOfe| ) ^ff^J^I>J¥^Si±fl: 
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[03 8] {&) (k) \±,if%mzimm£Mm 125, 

wmmm.^ § t, Mmmm^twmmm* 127, 

[03 9] (a) m (b) a. ^wmzmmsmm 151, 

Mimwco § a> {zm<mmm ^^t^jEwsmm. 153- 

[04 0 ] (a)M(b)(l *^fcfMS?-£«F4 15 4, 

SMM^ § ^ fcffi^BW MH0. 15 6, 

[04 1 ] ( a ) fttf ( b ) Ji, *%BJt«S^Wf4 16 1- 

SKiilM^ § £> fcSO^BW £ 5^hg-IEH»rffi0. 16 2, 

[04 2 ] (a)Sy'(b)ll *^WM«-3-«f4 16 4, 

§ a> z^-tummm. 1 6 6 - 

[04 3] ( a ) M>* ( b ) i±. *^^§^-a.^4 16 7- 

m$mm<^ § & tso^^j ^t^-iEmmm. 1 6 s - 

[04 4 ] ^OX^^-Ht^feSffim^ii-f *S 16 9- 

mmm. 172, 

[04 5] mtWVUtmm? 4 JUf&HHZ^-flilL 17 4- 

llTffi0o 3 0 1- 

[^«IM] 3 0 2- 

1 ■ ■ -j±it£» ( M-smmmmw ) 303- 

2-fftlf 3 0 4- 

3, 4-gfl , H2cDSftfJf 3 1 1- 

5, 6-SSl , m2<m$ffl& 3 1 2- 

7, 3 1 3- 

9, 1 0--«plME 3 14- 

3 1 ■ -Emm? ( a^*mss»is« ) 321- 

3 2 ■ ■ -Emm? ( n^m® Kits ) 322- 

33, 34---S1 , m2CDKMM 323- 

3 5, 3 6-gfl , S?2(7)ffiftg|5tf 324- 

6 1 ■ ■ ■ J±H£» ( *I^«flfME ) 3 3 1- 

6 2---i±mm=F 3 3 2- 

6 5, 6 6---RMM 3 3 3- 

6 7, 6 8-ffi#gB# 3 3 4- 

Sl-EM^M? 3 4 2c 

8 2-£EttS J ? 3 5 1- 

8 5, 8 3 5 2- 
87, 8 8-fiaWf 3 5 3- 

9 1 3 5 4- 

9 2---J±€fSi i 3 6 2- 

1 0 1-1 0 3---Emm? 3 7 1- 

10 4---J±m^ 3 7 2- 
1 0 5,1 06---KMM 373- 
1 0 7,1 0 8---f£f#gW 374- 
111, 11 4 2 1- 
111a, 112 a-ffitif 422- 
1 1 S'-JimftSi 1 4 3 1- 
1 1 3 a-ffitlf 4 3 2- 
115, 11 6---KMM 4 3 3- 
117, 11 8-UW$tt 434- 

1 21-mmmm? 
1 2 2 ---urns 



1 2 6-HttJf 

1 28-uwm 

1 5 2-jMW 
1 5 

1 5 7---ffiMP« 

■m 1 o«ftii« 

1 6 3---H1 , W>2cr,KMM 
1 6 5-mi . H20f£MKW 

mm 

■{mm 

■m^mmmmm 

■mm 

Emm? 

Emm? 

■mm 

■{mm 

■mm 
mmm 

Emm? 

fftif 

mm 

■{mm 
Emm (■ 
Emm? 
mm 
■{mm 

-342 d-mmmm 

Emm? 

Emm? 

■mm 

■{mm 

Emm? 

Emm? 

Emm? 

mm 

■{mm 

Emm? 

Emm? 

Emm? 

Emm? 

mm 

■{mm 
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[01] 



[02] 




5a 5 A 



8 4b 6 6a 



5.2x10 s 5.4X10 8 5.6x10 s 5.8X10 8 8.0x10 s 
Blttft (MHz) 



[03] 




u 



[04] 




_ 




v. , 










- 4-" 




— i i i — i 



100 



10' 
10 E 
10 5 
10 4 

10» 
10 2 

5.0X10" 5.2x10 s 5.4x10 s 5.6x10 s 5.8x10 s 6.0x10 s 
(MHz) 



40 

20 S! 

o p 

-20 £ 
-40 
-60 

-80 
100 



[06] 



[07] 



2 2 



2 1 



2 3 



7.00 



i \ \ 


# 

SI! 


fS 




/& 
14 
ffl 




i 

24 








i 

2 5 
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[08] 



[09] 




-idinl a Qi i Pi 1 1 il 



i i i 1 1 1 1 



10" 1 



1.00 



Z?/Za 



10 



[010] 



[01 1 ] 



10"* 



-5 - 

— -10 - 

S -15 - 

SJ-20 - 

«S-30 - 

*-35 - 

-^0 - 



J I 



10" 1 
LLlL 



Za/Za 

1.00 

i i Mini 



10 

I I Mill 



30 



20 



£ 10 
fit- 



-20 - 



-30 



[012] 



A/8 



sspin** suits* 

A/4 3A/8 A/2 




6A/8 

I 



3A/4 



Zi/Z,=l/l?a 



Zz/Zi =1/18 



Zi/Zi 1/8 
Zz/Zl=1/4 



?!/il=1/2 



Mii//;i=i 



zyzi=i 



Z2/Zi=1/2 




A/2 EJNiffl*S.£l»]'tS 

J L 



Z2/Zi=1/128 
Zi/7.i=1/64 
Z2/Zi = 1/32 

£/zi=i/ie 

Zj/7i=1/B 



[013] 




[014] 



1 1 7 

\ 



[02 9] 



[izr 



1 1 8 

i 



11 /i 



v V 



115 113 



rrr 



1 1 9 



1 i 4 



1 1 6 




-60 
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[015] [016] 




mm (MH7) 



[019] [021] 
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[02 6] 



[028] 



(a) 
101^ 



101a 



\ \ \ MX \ \ \ \ 



-104 a 1 04a' 
-104b 104b' 



LU ( a ) 
\ 



111a 



y ; /> y ■/ / y j /\\ 



lid ) 



1 1 3 



i 1 4 lie 



(b) 



101b 



1 02 



1 04a- 



■7 7 7 7 7 7- 

/ / / / / / / 

.-' y v: s / / , 



/ / / \ / / 



-1 04a 



U_2 Cb) 

\ 



112a 



1 03 



(c) 



1 04b 
C=> 101c 







1$ / /> %i 






'-4-=- 

■/? 


■--104a 104a— 
"-—104b 104b~~- 


//' 



1 15 i 



J- 



/ v ; '/ 7- 



1 1 3 



1 1 4 



1 1 6 



(a) 



[03 1] 
135 



131. 



[030] 



1 21 



1 s>7— 



126 1 23 1 23 -, ? 4 1 26 
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